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BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The" present invention relates to an optical disk 
5 apparatus which records information by irradiating a 
laser beam onto an optical disk medium, and. a method for 
setting its control parameters. 

2. DESCRIPTION OF THE RELATED ART: 

10 In recent years, optical apparatuses have been 

extensively developed as means for recording/reproducing 
large-capacity data, and there has been an approach to 
achieving a higher recording density. One example of 
them is a phase-change type optical disk apparatus 

15 utilizing reversible state changes between a crystal 
state and an amorphous state. 

In a phase-change type optical disk apparatus, a 
semiconductor laser beam having two powers (a peak power 
20 which makes a crystal portion amorphous and a bias power 
which crystallizes an amorphous portion) is irradiated 
onto an optical disk medium, whereby marks (amorphous 
portions) and spaces (crystal portions) interposed 
between the marks are formed on the optical disk medium. 

25 

The marks and spaces have different reflectivity, 
so that a recorded signal is read by utilizing thB 
difference in reflectivity during reproduction. 

30 Herein, a signal is recorded at one recording 

focus position (irradiation spot position of a laser 
beam), and the signal is reproduced at one reproduction 
focus position (irradiation spot position of a laser 
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beam). A series of steps for determining the quality of 
a reproduction signal by a quality determination circuit 
will be described by using a path on a recorded track of 
irradiation spots of a semiconductor laser beam. 

5 

Actually, a track is moved into an irradiation 
spot by the rotation of a disk. However, for simplicity, 
it is assumed that an irradiation spot moves onto a 
recording track. 

10 

Figure 65 is a view snowing a track structure of 
a conventional optical disk 26. Reference numeral 27 
denotes a groove track formed in the shape of a spiral. 
In this figure, recording from a point 21 to a point 22 

15 is performed clockwise at one recording focus position. 

Then, in order to reproduce a signal, for example, an 
irradiation spot jumps from a point 23 to an inner track, 
passing through a point 24, and starts moving on a track 
from a point 25. Then, the irradiation spot moves 

20 clockwise on a track from the point 25 to the point 21, 
and reproduces a signal previously recorded from the 
point 21, whereby the quality determination circuit 
determines the quality of a reproduction signal. 

25 In the case of obtaining an optimum recording 

focus position, a recording focus position is gradually 
changed, and every time the recording focus position is 
changed, the above-mentioned recording and reproduction 
are repeated. Thus, a recording focus position at which 

30 a reproduction signal of the highest quality is obtained 
is determined. 



Similarly, in the case of obtaining an optimum 
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reproduction focus position, a reproduction focus posi- 
tion is gradually changed, and every time the reproduc- 
tion focus position is changed, the above-mentioned 
recording and reproduction are repeated- Thus, a 
5 reproduction focus position at which a reproduction 
signal of the highest quality is obtained is determined. 

In the case of setting a tilt angle (i.e., an 
incident angle of a laser beam with respect to an optical 
10 disk), the tilt angle is gradually changed, and every 
time the tilt angle is changed, the above-mentioned 
recording and reproduction are repeated. Thus, a tilt 
angle at which a reproduction signal of the highest 
quality is obtained is determined. 

15 

An example of a method for obtaining an optimum 
irradiation power of a semiconductor laser beam is 
described in, for example, Japanese Laid-open Publication 
No. 4-141827. According to this method, a signal is 

20 recorded while a peak power is gradually decreased from 
the high power side, for example, under the condition 
that a bias power is fixed. In this case, every time a 
signal is recorded with one peak power, the signal is 
reproduced with a reproduction power, and a quality 

25 determination circuit determines the quality of a 
reproduction signal. Then, a lower limit value of a 
power which the quality determination circuit determines 
is "good" is obtained, and a margin value is added to the 
lower limit value, whereby an optimum power is set. 

30 

in the above-mentioned case, recording and 
reproduction of a signal are required to be repeated with 
respect to a track in accordance with the process shown 
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in Figure 65 in the same way as in obtaining recording 
and reproduction focus positions, and a tilt angle. 

On the other hand, as recording pits are recorded 
5 with a higher density, there arise problems such as a 
decrease in S/N and a waveform interference between the 
recording pits in reproducing a recorded signal, or 
changes in characteristics of a reproduction channel 
caused by the variation of optical disk media and optical 
10 disk apparatuses. Thus, there has been a demand for an 
apparatus in which an increase in error rate due to this 
problem is small. 

In order to overcome the problem of the changes 
15 in characteristics of a reproduction channel, a method 
for optimizing an equalizer characteristic in each disk 
has been considered. 

For example, parameters of an equalizer 
20 characteristic are set to be the largest boost amount and 
a frequency at which a boost amount becomes maximum. 
Under the condition that the frequency at which the boost 
amount becomes maximum is fixed, a recorded signal is 
reproduced while the boost amount is gradually increased 
25 from the lower side. Thus, the quality of a reproduction 
signal is detected, and the boost amount at which the 
best quality reproduction signal is obtained, is set as 
the' optimum boost amount. Then, while the boost amount 
is fixed, a frequency at which the boost amount becomes 
30 maximum is similarly obtained. 

Herein, in the same way as in obtaining recording 
and reproduction focus positions, and a tilt angle, 
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recording and reproduction of a signal are required to be 
repeated with respect to a track in accordance with the 
process shown in Figure 65, whereby an equalizer charac- 
teristic is optimized. 

5 

The above-mentioned conventional optical disk 
apparatus is predicated on optical disks in which a 
groove-shaped track (groove track) is formed in the shape 
of a spiral, and a recording area is provided in either 

10 the groove track or the land track (i.e., track between 
the grooves ) , and an optimum focus position, an optimum 
tilt angle, etc. are obtained with respect to this type 
of optical disk. However, optical disks in which a 
signal is recorded in both the land track and the groove 

15 track are not considered. 

The land track and the groove track have differ- 
ent physical properties such as the shape of a groove and 
reflectivity due to the difference in arrangement, and an 

20 optimum focus position, an optimum tilt angle, etc. are 
different with respect to each track. Therefore, in the 
case of performing recording and reproduction with 
respect to both the land track and the groove track, an 
optimum focus position, an optimum tilt angle, etc. are 

25 required to be set for the land track and the groove 
track, respectively. Alternatively, an average of an 
optimum focus position, an average of an optimum tilt 
angle, etc. are required to be set for the land track and 
the groove track, respectively. However, in both the 

30 cases, recording and reproduction of a track are required 
to be repeated by the process shown in Figure' 65 for the 
land track and the groove track, separately. Therefore, 
in the case of performing recording and reproduction 
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using both "the land track and the groove track, a longer 
time and more effort is required compared with the case 
of using only one of either the groove track or the land 
track. 

5 

Specifically, a waiting time for rotation 
(point 23 -» point 24 -♦ point 25 -» point 21) in Figure 65 
is used for the land track and the groove track, respec- 
tively, which decreases an efficiency. 

10 

The similar problem is caused in obtaining and 
setting an optimum power, an optimum equalizer character- 
istic, as well as an optimum focus position and an 
optimum tilt angle. Thus, a longer time and more effort 
15 are required. 

SUMMARY OF THE INVENTION 

An optical disk apparatus performing either one 
20 of recording and reproduction of an optical disk in which 
groove- shaped groove tracks and land tracks present 
between the groove tracks are alternately connected to 
each other in a spiral shape, includes: a recording and 
reproduction unit for recording a signal in at least one 
25 continuous groove track and at least one continuous land 
track, and then reproducing the signal from the groove 
track and the land track; a detector for detecting a 
quality of the signal recorded and reproduced by the 
recording and reproduction unit; a control parameter 
30 setting unit for setting a control parameter related to 
at least one of the recording and the reproduction of the 
optical disk; and a controller for changing the control 
parameter set by the control parameter setting unit, 
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repeating the recording and reproduction performed by the 
recording and reproduction unit and detection performed 
by the detector every time the control parameter is 
changed, and determining the control parameter based on 
5 the quality of the signal detected by the detector. 

In one embodiment of the present invention, the 
controller obtains a control parameter common to the 
groove track and the land track. 

10 

In another embodiment of the present invention, 
the controller obtains control parameters for the groove 
track and the land track, separately. 

15 in another embodiment of the present invention, 

the control parameter setting unit sets an average value 
of the control parameter of the groove track and the land 
track obtained by the controller. 

20 In another embodiment of the present invention, 

the control parameter setting unit sets the control 
parameter of the groove track and the land track obtained 
by the controller, separately. 

25 In another embodiment of the present invention, 

the recording and reproduction by the recording and 
reproduction unit, the detection by the detector, and the 
determination by the controller are performed at two 
positions apart from each other on the optical disk, and 

30 a control parameter corresponding to each of the posi- 
tions is obtained in order to be set; and when at least 
one of the recording and the reproduction is performed 
between the respective positions on the optical disk, a 
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control parameter in accordance with the position at 
which at least one of the recording and the reproduction 
is performed is obtained in order to be set based on the 
control parameter corresponding to each of the positions . 

5 

In another embodiment of the present invention, 
the control parameter is at least one of a focus position 
of a light beam radiated for at least one of the record- 
ing and the reproduction of the optical disk, a tilt 
10 angle of the light beam with respect to the optical disk, 
an intensity of the laser beam, and an equalizer charac- 
teristic of the laser beam. 

In another embodiment of the present invention, 
15 the controller sets a plurality of kinds of control 
parameters, separately, and repeats setting of each of 
the control parameters in accordance with a detection 
result of the detector. 

20 in another embodiment of the present invention, 

a number of sectors of the groove track to be recorded 
and reproduced by the recording and reproduction unit is 
equal to a number of sectors of the land track to be 
recorded and reproduced by the recording and reproduction 

25 unit. 

In another embodiment of the present invention, 
the- detector detects at least one of a byte error rate of 
the signal recorded and reproduced by the recording and 
30 reproduction unit, a jitter of the signal, a bit error 
rate of the signal, a resolution of the signai, a symme- 
try of the signal, and a modulation of the signal. 



- 9 - 



P16201 



A method for setting a control parameter of an 
optical disk apparatus performing at least one of record- 
ing and reproduction of an optical disk in which groove- 
shaped groove tracks and land tracks present between the 
5 groove tracks are alternately connected to each other in 
a spiral shape, includes: a recording and reproduction 
step of recording a signal in at least one continuous 
groove track and at least one continuous land track, and 
then reproducing the signal from the groove track and the 

10 land track; a detection step of detecting a quality of 
the signal recorded and reproduced during the recording 
and reproduction step; a control parameter setting step 
of setting a control parameter related to at least one of 
the recording and the reproduction of the optical disk; 

15 and a control step of changing the control parameter set 
during the control parameter setting step, repeating the 
recording and reproduction performed during the recording 
and reproduction step and the detection performed during 
the detection step every time the control parameter is 

20 changed, and determining the control parameter based on 
the quality of the signal detected during the detection 
step. 

In one embodiment of the present invention, a 
25 control parameter common to the groove track and the land 
track is obtained during the control step. 

In another embodiment of the present invention, 
control parameters are obtained for the groove track and 
30 the land track, separately, during the control step. 

In another embodiment of the present invention, 
an average value of the control parameter of the groove 
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■track and the land track obtained during the control step 
is set during the control parameter setting step. 

In another embodiment of the present invention, 
5 the control parameter of the groove track and the land 
track obtained during the control step are separately set 
during the control parameter setting step. 

In another embodiment of the present invention, 
10 the recording and reproduction during the recording and 
reproduction step, the detection during the detection 
step, and the determination during the control step are 
performed at two positions apart from each other on the 
optical disk, and a control parameter corresponding to 
15 each of the positions is obtained in order to be set; and 
when at least one of the recording and the reproduction 
is performed between the respective positions on the 
optical disk, a control parameter in accordance with the 
position at which at least one of the recording and the 
20 reproduction is performed is obtained in order to be set 
based on the control parameter corresponding to each of 
the positions . 

in another embodiment of the present invention, 
25 the control parameter is at least one of. a focus position 
of a light beam radiated for at least one of the record- 
ing and the reproduction of the optical disk, a tilt 
angle of the light beam with respect to the optical disk, 
an intensity of the laser beam, and an equalizer charac- 
30 teristic of the laser beam. 

In another embodiment of the present invention, 
during -the control step, a plurality of kinds of control 
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parameters are separately set, and setting of each of the 
control parameters is repeated in accordance with a 
detection result obtained during the detection step. 

5 In another embodiment of the present invention, 

a number of sectors of the groove track to be recorded 
and reproduced during the recording and reproduction step 
is equal to a number of sectors of the land track to be 
recorded and reproduced during the recording and repro- 
10 duction step . 

In another embodiment of the present invention, 
at least one of a byte error rate of the signal recorded 
and reproduced during the recording and reproduction 
15 step, a jitter of the signal, a bit error rate of the 
signal, a resolution of the signal, a symmetry of the 
signal, and a modulation of the signal is detected during 
the detection step. 

20 Thus, the invention described herein makes 

possible the advantages of ( 1 ) providing an optical disk 
apparatus capable of efficiently obtaining an optimum 
focus position, an optimum tilt angle, an optimum power, 
and an optimum equalizer characteristic with respect to 

25 an optical disk in which a signal is recorded in both a 
land track and a groove track? and (2) providing a method 
for setting control parameters. 

These and other advantages of the present inven- 
30 tion will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram showing the first 
embodiment of an optical disk apparatus according to the 
5 present invention. 

Figure 2 is a diagram showing a focus position in 
the first embodiment of the present invention. 

10 Figure 3 is a diagram showing a track structure 

of an optical disk in the first embodiment of the present 
invention. 

Figure 4A is a graph showing a relationship 
15 between the recording focus position and the BER. 

Figure 4B is a graph showing a relationship 
between the reproduction focus position and the BER. 

20 Figure 5 is a flow chart showing process steps 

for determining an optimum recording focus position in 
the first embodiment of the present invention. 

Figure 6 is a flow chart showing process steps 
25 for determining an optimum reproduction focus position in 
the first embodiment of the present invention. 

Figure 7 is a diagram illustrating a procedure 
for scanning tracks of the optical disk in the first 
30 embodiment of the present invention. 

Figure 8 is a diagram illustrating another 
procedure for scanning tracks of the optical disk in the 
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first embodiment of the present invention. 

Figure 9 is a diagram illustrating another 
procedure for scanning tracks of the optical disk in the 
5 first embodiment of the present invention. 

Figure 10 is a block diagram showing the second 
embodiment of an optical disk apparatus according to the 
present invention. 

10 

Figure 11 is a flow chart showing process steps 
for determining an optimum recording focus position in 
the second embodiment of the present invention. 

15 Figure 12 is a flow chart showing process steps 

for determining an optimum reproduction focus position in 
the second embodiment of the present invention. 

Figure 13 is a block diagram showing the third 
20 embodiment of an optical disk apparatus according to the 
present invention. 

Figure 14a is a graph showing a relationship 
between the recording focus position and the jitter. 

25 

Figure 14B is a graph showing a relationship 
between the reproduction focus position and the jitter. 

Figure 15a is a graph showing a relationship 
30 between the recording focus position and the resolution. 

Figure 15b is a graph showing a relationship 
between the reproduction focus position and the resolu- 
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tion . 



Figure 16 is a diagram illustrating a resolution. 

5 Figure 17a is a graph showing a relationship 

between the recording focus position and the modulation. 

Figure 17B is a graph showing a relationship 
between the reproduction focus position and the modula- 
10 tion. 

Figure 18 is a diagram illustrating a modulation. 

Figure 19A is a graph showing a relationship 
15 between the recording focus position and the symmetry, 

Figure 19B is a graph showing a relationship 
between the reproduction focus position and the symmetry. 

20 Figure 20 is a diagram illustrating a symmetry. 

Figure 21A is a graph showing a relationship 
between the recording focus position and the CN. 

25 Figure 21B is a graph showing a relationship 

between the reproduction focus position and the CN. 

Figure 22A shows a plan view and a cross-section- 
al view of an optical disk. 



30 



Figure 22B is a graph showing a relationship 
between the position in a radius direction of the optical 
disk and the focus position. 
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Figure 22C is a graph showing a relationship 
between the position in a radius direction of the optical 
disk and the tilt angle. 

5 Figure 22D is a graph showing a relationship 

between the position in a radius direction of the optical 
disk and the power. 

Figure 22E is a graph showing a relationship 
10 between the position in a radius direction of the optical 
disk and the boost amount. 

Figure 23 is a block diagram showing the fourth 
embodiment of an optical disk apparatus according to the 
15 present invention. 

Figure 24A is a diagram showing a radial tilt 
angle in the fourth embodiment of the present invention. 

20 Figure 24B is a diagram showing a tangential tilt 

angle in the fourth embodiment of the present invention. 

Figure 25 is a flow chart showing process steps 
for- determining an optimum radial tilt angle in the 
25 fourth embodiment of the present invention. 

Figure 26a is a graph showing a relationship 
between the radial tilt angle and the ber. 

30 Figure 25B is a graph showing a relationship 

between the tangential tilt angle and the BER. 

Figure 27 is a flow chart showing process steps 
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for determining an optimum -tangential tilt angle in the 
fourth embodiment of the present invention. 

Figure 28 is a block diagram showing the fifth 
5 embodiment of an optical disk apparatus according to the 
present invention. 

Figure 29 is a flow chart showing process steps 
for determining an optimum radial tilt angle in the fifth 
10 embodiment of the present invention. 

Figure 30 is a flow chart showing process steps 
for determining an optimum tangential tilt angle in the 
fifth embodiment of the present invention. 

15 

Figure 31A is a graph showing a relationship 
between the radial tilt angle and the jitter. 

Figure 31B is a graph showing a relationship 
20 between the tangential tilt angle and the jitter. 

Figure 32A is a graph showing a relationship 
between the radial tilt angle and the resolution. 

25 Figure 32B is a graph showing a relationship 

between the tangential tilt angle and the resolution. 

Figure 33A is a graph showing a relationship 
between the radial tilt angle and the modulation. 

30 

Figure 33B is a graph showing a relationship 
between the tangential tilt angle and the modulation. 
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Figure 34a is a graph showing a relationship 
between the radial tilt angle and the symmetry. 

Figure 34B is a graph showing a relationship 
5 between the tangential tilt angle and the symmetry. 

Figure 35 is a diagram illustrating a symmetry. 

Figure 36A is a graph showing a relationship 
10 between the radial tilt angle and the CN. 

Figure 36B is a graph showing a relationship 
between the tangential tilt angle and the CN, 

15 Figure 37 is a block diagram showing the sixth 

embodiment of an optical disk apparatus according to the 
present invention. 

Figure 38 is a diagram showing the power of a 
20 laser beam in the sixth embodiment of the present inven- 
tion. 

Figure 39 is a flow chart showing process steps 
for determining an optimum peak power in the sixth 
25 embodiment of the present invention. 

Figure 40A is a graph showing a relationship 
between the peak power and the BER. 

30 Figure 40B is a graph showing a relationship 

between the bias power and the BER. 

Figure 41 is a flow chart showing process steps 
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for determining an optimum bias power in the sixth 
embodiment o£ the present invention. 

Figure 42A is a graph showing a relationship 
5 between the peak power and the jitter. 

Figure 42B is a graph showing the bias power and 
the jitter. 

10 Figure 43A is a graph showing a relationship 

between the peak power and the resolution. 

Figure 43B is a graph showing a relationship 
between the bias power and the resolution. 

15 

Figure 44A is a graph showing a relationship 
between the peak power and the modulation. 

Figure 44B is a graph showing a relationship 
20 between the bias power and the modulation. 

Figure 45A is a graph showing a relationship 
between the peak power and the symmetry. 

25 Figure 45B is a graph showing a relationship 

between the bias power and the symmetry. 

Figure 46 is a diagram illustrating a symmetry. 



30 



Figure 47 is a block diagram showing the seventh 
embodiment of an optical disk apparatus according to the 
present invention , 
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Figure 48 is a flow chart showing process steps 
for determining an optimum peak power in the seventh 
embodiment according to the present invention. 

5 Figure 49 is a flow chart showing process steps 

for determining an optimum bias power in the seventh 
embodiment according to the present invention. 

Figure 50 is a block diagram showing the eighth 
10 embodiment of an optical disk apparatus according to the 
present invention. 

Figure 51 is a block diagram showing the ninth 
embodiment of an optical disk apparatus according to the 
15 present invention. 

Figure 52A is a graph showing a relationship 
between the frequency and the level of a reproduction 
signal in the ninth embodiment of the present invention. 

20 

Figure 52B is a graph showing a relationship 
between the frequency and the boost amount of a 
reproduction signal in the ninth embodiment of the 
present Invention. 

25 

Figure 53 is a flow chart showing process steps 
for determining an optimum equalizer characteristic in 
the* ninth embodiment of the present invention. 

30 Figure 54A is a graph showing a relationship 

between the boost amount and the BER. 

Figure 54B is a graph showing a relationship 
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between the frequency at which the boost amount becomes 
maximum and the BER. 

Figure 5SA is a graph showing a relationship 
5 between the boost amount and the jitter. 

Figure 55B is a graph showing a relationship 
between the frequency at which the boost amount becomes 
maximum and the jitter. 

10 

Figure 56A is a graph showing a relationship 
between the boost amount and the resolution. 

Figure 56B is a graph showing a relationship 
15 between the frequency at which the boost amount becomes 
maximum and the resolution. 

Figure 57» is a graph showing a relationship 
between the boost amount and the modulation. 

20 

Figure 57B is a graph showing a relationship 
between the frequency at which the boost amount becomes 
maximum and the modulation. 

25 Figure 58A is a graph showing a relationship 

between the boost amount and the symmetry. 

Figure 58B is a graph showing a relationship 
between the frequency at which the boost amount becomes 
30 maximum and the frequency. 

Figure 59 is a block diagram showing the tenth 
embodiment of an optical disk apparatus according to the 
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present i nvention . 

Figure 60 is a flow chart showing process steps 
for determining an optimum equalizer characteristic in 
5 the tenth embodiment of the present invention. 

Figure 61 is a block diagram showing the eleventh 
embodiment of an optical disk apparatus according to the 
present invention. 

10 

Figure 62 is a flow chart showing process steps 
for determining an optimum equalizer characteristic in 
the eleventh embodiment of the present invention* 

15 Figure 63 is a graph showing an equalizer charac- 

teristic of a frequency and a gain. 

Figure 64 is a flow chart showing process steps 
in the twelfth embodiment of an optical disk apparatus 
20 according to the present invention. 

Figure 65 is a diagram showing a tracJc structure 
of a conventional optical disk. 

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 
described by way of illustrative embodiments with refer- 
ence to the drawings. 

30 

Embodiment 1 

In the first embodiment, a recording focus 
position and a reproduction focus position common to a 
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land track and a groove track of an optical disk are 
obtained in order to be set. 

Figure 1 shows a structure of a phase-change "type 
5 optical disk apparatus in the first embodiment of the 
present invention. In Figure 1, reference numeral 1 
denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 4 denotes a reproduction 
signal quality detector, 5 denotes an optimum focus 
10 position determination unit, 6 denotes a land -groove 
continuous recording/reproduction unit, 7 denotes a focus 
position controller, 8 denotes a track position control- 
ler, and 9 denotes a focus position setting unit. 

15 Figure 2 is a diagram showing a focus position of 

a laser beam emitted by the optical head 2 (i.e., a laser 
condensed position on a recording/reproduction surface of 
the optical disk 1). In Figure 2, the optical head 2 
includes a semiconductor laser 2-1 and an objective 

20 lens 2-2, and a laser beam emitted by the semiconductor 
laser 2-1 is condensed on the recording/reproduction 
surface of the optical disk 1 through the objective 
lens 2-2 to become a light spot. The position of the 
light spot (z-direction) with respect to the record - 

25 ing/reproduction surface of the optical disk 1 is the 
focus position. The focus position is changed by moving 
the optical head 2 . 

The optical head 2 is moved by an actuator (not 
30 shown). The focus position controller 7 controls the 
actuator of the optical head 2, thereby changing the 
focus position. 
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Figure 3 is a diagram showing a track structure 
of the optical disk 1 in the present embodiment. The 
optical disk 1 records a signal in both groove- shaped 
tracks (groove tracks) 39 and tracks 310 between the 
5 grooves ( land tracks ) . The groove tracks 39 and the land 
tracks 310 are continued alternatively every one track. 
The groove tracks 39 and the land tracks 310 are connect- 
ed to each other in the shape of a spiral. 

Figure 5 is a flow chart showing process steps of 
an optical disk apparatus in the present embodiment. 
Hereinafter, a procedure for obtaining a recording focus 
position will be described with reference to this flow- 
chart . 

In a phase-change type optical disk apparatus, 
focus positions to be determined include at least a 
recording focus position and a reproduction focus posi- 
tion. First, a method for determining the recording 
focus position will be described, and a method for 
determining a reproduction focus position will be de- 
scribed later. 

The optical disk 1 is loaded in an optical disk 
25 apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
setting an optimum recording focus position and an 
optimum reproduction focus position by the track position 
30 controller 8 (Step 101). 

Initial values of the recording focus position 
and the reproduction focus position are set by the focus 



10 



15 



20 
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position setting unit 9 (Step 102). At this time, a 
recording focus position for recording the land track is 
identical with a recording focus position for recording 
the groove track . 

5 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 
land «groove continuous recording/reproduction unit 6 to 

10 the focus position controller 7 and the track position 
controller 8, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser 2-1 of the optical head 2 is con- 
densed at a recording focus position as a light spot on 

15 the optical disk 1, whereby a recording mark is formed in 
accordance with a waveform of emitted light ( Step 103 ) . 

After the continuous recording of the land track 
and the groove track is completed, output light from the 

20 semiconductor laser 2-1 of the optical head 2 is con- 
densed at a reproduction focus position ( identical with 
the recording focus position) . A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land -groove continu- 

25 ous recording/reproduction unit 6 to the track position 
controller 8, and a signal 10 which is varied depending 
upon the presence of the recording mark on the optical 
disk 1 is input from the optical head 2 to the reproduc- 
tion system 3 as a reproduction signal. The reproduc- 

30 tion signal 10 is subjected to reproduction signal 
processing such as amplification, waveform equalization, 
and digitization at the reproduction system 3, and a 
signal 11 is input to the reproduction signal quality 
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detector 4 (Step 103). 

The reproduction signal quality detector 4 
detects a signal quality of the signal 11, and a detec- 
5 tion result of the reproduction signal quality is input 
to the optimum focus position determination unit 5. When 
the length of the reproduced land track is equal to or 
almost equal to that of the reproduced groove track, a 
reproduction signal quality detection result is an 

10 average reproduction signal quality result of the land 
track and the groove track- In other words, the 
reproduction signal quality detection result is an 
average reproduction signal quality result of the optical 
disk 1 when recording is performed at the recording focus 

15 position (Step 104). 

The reproduction signal quality detector 4 de- 
tects, for example, a BER (byte error rate) at which the 
recorded signal has been reproduced. Figure 4A shows a 
20 relationship between the recording focus position and the 
BER. 

In Figure 4A, the abscissa represents the record- 
ing focus position, and the ordinate represents the BER. 

25 in general, under the same reproduction conditions, more 
accurate recording and reproduction are performed with a 
smaller BER. It is assumed that a detection result in 
which the BER becomes a threshold value or less is OK, 
and a detection result in which the BER exceeds the 

30 threshold value is NG. 

When the first result of the reproduction signal 
quality detector 4 is NG, for example, (Step 104 no. 
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Step 105 no), the optimum focus position determination 
unit 5 sets a recording focus position higher than the 
initial recording focus position (Step 106). When the 
first result of the reproduction signal quality detec- 
tor 4 is OK, for example, (Step 104 yes, Step 107 no), 
the optimum focus position determination unit 5 sets a 
recording focus position lower than the initial recording 
focus position (Step 108). Continuous recording and 
continuous reproduction of the land trade and the groove 
track at the set recording focus position are performed 
in the same manner as described above ( Step 103 ) . 

When the first result of the reproduction signal 
quality detector 4 is NG, and the second result thereof 
is OK (Step 104 yes. Step 107 yes), the optimum focus 
position determination unit 5 stores an average position 
of the current recording focus position and the previous 
recording focus position as a lower limit value of the 
recording focus position (Step 109). 

When the first result of the reproduction signal 
quality detector 4 is OK, and the second result thereof 
is NG (Step 104 no. Step 105 yes), the optimum focus 
position determination unit 5 stores an average position 
of the current recording focus position and the previous 
recording focus position as a lower limit value of the 
recording focus position ( Step 109 ) . 

When the first result of the reproduction signal 
quality detector 4 is OK, and the second result thereof 
is OK, the optimum focus position determination unit 5 
sets a recording focus position lower than the recording 
focus position recorded and reproduced at the second 
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time, and continuous recording and continuous reproduc- 
tion of the land track and the groove track are performed 
at the set recording focus position, whereby a reproduc- 
tion signal quality is detected. When the third result 
5 of the reproduction signal quality detector 4 is NG, the 
optimum focus position determination unit 5 stores an 
average position of the current recording focus position 
and the previous recording focus position as a lower 
limit value of the recording focus position. 

10 

An upper limit value is obtained in a similar 
procedure to that of the lower limit value in accordance 
with each of Steps 110 to 117. More specifically, every 
time the result of the reproduction signal quality 

15 detector 4 is OK, the recording focus position is gradu- 
ally raised. When the result of the reproduction signal 
quality detector 4 becomes NG, the optimum focus position 
determination unit 5 stores an average position of the 
current recording focus position and the previous record - 

20 ing focus position as an upper limit value of the record- 
ing focus position. 



The optimum focus position determination unit 5 
determines an average value of the lower limit value and 
25 the upper limit value, for example, as the optimum 
recording focus position ( Step 118 ) . The optimum record- 
ing focus position is set by the focus position setting 
unit 9, when data is recorded onto the optical disk. 

30 Now, referring to Figure 3, a series of steps for 

performing continuous recording of the land track and the 
groove track, performing continuous reproduction of the 
land track and the groove track at a reproduction focus 
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position, and output-ting a result by the reproduction 
signal quality detector 4 will be described by using a 
path on a recording track of an irradiation spot of the 
semiconductor laser . 

5 

Actually, a track is moved on an Irradiation spot 
by the rotation of a disk. However, for simplicity, it 
is assumed that an irradiation spot moves on a recording 
track. 

10 

As shown in Figure 3, recording of a land track 
is performed clockwise from a point 31 to a point 32 at 
a set recording focus position. Continuously, recording 
of a groove track is performed clockwise from a point 32 
15 to a point 33 at the same recording focus position. 

Next, in order to reproduce a signal, the irradi- 
ation spot jumps, for example, from a point 34 to an 
inner track, passing through points 35 and 36, and starts 

20 moving on a track from a point 37. The irradiation spot 
moves on the groove track clockwise from the point 37 to 
the point 31, and reproduces the land track from the 
point 31 to the point 32 and reproduces the groove track 
from the point 32 to the point 33, thereby detecting an 

25 average reproduction signal quality of the land track and 
the groove track. 

In order to obtain an optimum recording focus 
position, the recording focus position is gradually 
30 changed, and every time the recording focus position is 
changed, the above-mentioned recording and reproduction 
are repeated, whereby a recording focus position at which 
a reproduction signal of the highest quality is obtained. 
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As described above > in order to obtain an optimum 
recording focus position, the land track and the groove 
track are recorded and reproduced by an equal or almost 
equal length, whereby an average characteristic of the 
5 land track and the groove track is obtained with respect 
to a recording focus position, and a recording focus 
position suitable for the land track and the groove track 
is determined. 

10 Furthermore, in the present embodiment, recording 

and reproduction of the land track and the groove track 
are continuously performed- Therefore, it takes less 
time, compared with the case where optimum recording 
focus positions are obtained for the land track and the 

15 groove track, separately, and the obtained optimum 
recording focus positions are averaged. 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain an 

20 optimum recording focus position, in the case where the 
land track and the groove track are continuously recorded 
and reproduced as in the present embodiment, a time 
corresponding to 5 rotations in total is required (i.e., 
2 rotations for recording (point 31 to point 33), one 

25 rotation for waiting for reproduction (point 34 -+ 
point 35 -» point 36 -» point 37 ) , and 2 rotations for 
reproduction ( point 31 to point 33 ) ) . 

On the other hand, in a conventional apparatus, 
30 optimum recording focus positions are obtained for a land 
track and a groove track, separately, so that a time 
corresponding to 3 rotations in total is required for the 
land track (i.e., one rotation for recording (point 21 to 
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point 22), one rotation for waiting for reproduction 
(point 23 -» point 24 point 25) and one rotation for 
reproduction (point 21 to point 22)), Furthermore, the 
same amount of time is required for the groove track. 
5 Thus, a time corresponding to 6 rotations in total is 
required . 

Assuming that the land track and the groove traoJc 
are recorded at 4 kinds of recording focus positions so 

10 as to obtain an optimum recording focus position, a time 
corresponding to 20 (5 x 4 ) rotations is required in the 
present embodiment, whereas a time corresponding to 24 (6 
x 4) rotations is required in the conventional apparatus. 
Thus, a waiting time for rotation is shortened in the 

15 present embodiment. 

As described above, in the optical disk apparatus 
of the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
20 recording of data so as to determine an optimum recording 
focus position, whereby an optimum recording focus 
position can be determined in a short period Of time, 
shortening a waiting time for rotation. 

25 Next, a procedure for obtaining a reproduction 

focus position will be described with reference to a flow 
chart of Figure 6. 

In the present embodiment, in order to obtain an 
30 optimum value of a reproduction focus position, a lower 
limit value and an upper limit value of the reproduction 
focus position are obtained, and thereafter, an optimum 
value between the lower limit value and the upper limit 
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value is obtained by computation. 

First, the optical bead 2 is moved to an area for 
setting an optimum recording focus position and an 
5 optimum reproduction focus position (Step 201). Then, 
the focus position determination unit 9 sets initial 
values of a recording focus position and a reproduction 
focus position for obtaining, for example, a lower limit 
value of the reproduction focus position ( Step 202 ) . At 
10 this time, a reproduction focus position for reproducing 
a land track is identical with a reproduction focus posi- 
tion for reproducing a groove track. 

Here, it is assumed that the recording focus 
15 position is fixed so as to examine effects of the 
reproduction focus position under the same recording 
conditions . 

Subsequently, a control signal for continuously 
20 recording one land track and one groove track from a 
predetermined position is transmitted from the 
land » groove continuous recording/reproduction unit 6 to 
the focus position controller 7 and the track position 
controller 8, whereby recording is performed by the 
25 optical head 2. At this time, output light from the 
semiconductor laser 2-1 of the optical head 2 is con- 
densed at a recording focus position as a light spot on 
the- optical disk 1, whereby a recording mark is formed in 
accordance with a waveform of emitted light (Step 203). 

30 

After the continuous recording of the* land track 
and the groove track is completed, output light from the 
semiconductor laser 2-1 of the optical head 2 is con- 
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densed at a reproduction focus position. A signal for 
continuously reproducing one land track and one groove 
track previously recorded is transmitted from the 
land -groove continuous recording/reproduction unit 6 to 
5 the track position controller 8, and a signal 10 which is 
varied depending upon the presence of the recording mark 
on the optical disk 1 is input from the optical head 2 to 
the reproduction system 3 as a reproduction signal. The 
reproduction signal 10 is subjected to reproduction 
10 signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 11 is input to the reproduction signal 
quality detector 4 (Step 203). 

15 The land* groove reproduction signal quality 

detector 4 detects, for example, a BER at which the 
recorded signal has been reproduced. Figure 4B shows a 
relationship between the reproduction focus position and 
the BER. 

20 

In Figure 4B, the abscissa represents the repro- 
duction focus position, and the ordinate represents the 
BER. In general, under the same reproduction conditions, 
more accurate recording and reproduction are performed 
25 with a smaller BER. it is assumed that a detection 
result in which the BER becomes a threshold value or less 
is OK, and a detection result in which the BER exceeds 
the- threshold value is NG. 

30 The reproduction signal quality detector 4 

detects a signal quality of the signal 11, and a detec- 
tion result of the reproduction signal quality is input 
to the optimum focus position determination unit 5 , When 
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the length of the reproduced land track is equal to or 
almost equal to that of the reproduced groove track, a 
reproduction signal quality detection result is an 
average reproduction signal quality result of the land 
5 track and the groove track. In other words, the 
reproduction signal quality detection result is an 
average reproduction signal quality result of the optical 
disk 1 when reproduction is performed at the reproducing 
focus position (Step 204). 

10 

When the first result of the reproduction signal 
quality detector 4 is NG, for example, (Step 204 no, 
Step 205 no), the optimum focus position determination 
unit 5 sets a reproduction focus position higher than the 

15 initial reproduction focus position (Step 206). When the 
first result of the reproduction signal quality detec- 
tor 4 is OK, for example, (Step 204 yes. Step 207 no), 
the optimum focus position determination unit 5 sets a 
reproduction focus position lower than the initial 

20 reproduction focus position (Step 208). Continuous 
recording and continuous reproduction of the land track 
and the groove track at the set reproduction focus 
position are performed in the same manner as described 
above ( Step 203 ) . 

25 

When the first result of the reproduction signal 
quality detector 4 is NG, and the second result thereof 
is OK (Step 204 yes, Step 207 yes), the optimum focus 
position determination unit 5 stores an average position 
30 of the current reproduction focus position and the 
previous reproduction focus position as a lower limit 
value of the reproduction focus position (Step 209). 
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When the first result of the reproduction signal 
quality detector 4 is OK, and the second result thereof 
is NG (Step 204 no, Step 205 yes), the optimum focus 
position determination unit 5 stores an average position 
5 of the current reproduction focus position and the 
previous reproduction focus position as a lower limit 
value of the reproduction focus position ( Step 209 ) . 

When the first result of the reproduction signal 
quality detector 4 is OK, and the second result thereof 
is OK, the optimum focus position determination unit, 5 
sets a reproduction focus position lower than the 
reproduction focus position recorded and reproduced at 
the second time, and continuous recording and continuous 
reproduction of the land track and the groove track are 
performed at the set reproduction focus position, whereby 
a reproduction signal quality is detected- When the 
third result of the reproduction signal quality detec- 
tor 4 is NG, the optimum focus position determination, 
unit 5 stores an average position of the current 
reproduction focus position and the previous reproduction 
focus position as a lower limit value of the reproduction 
focus position. 

25 An upper limit value is obtained in a similar 

procedure to that of the lower limit value in accordance 
with each of Steps 210 to 217* More specifically, every 
time the result of the reproduction signal quality 
detector 4 is OK, the reproduction focus position is 

30 gradually raised. When the result of the reproduction 
signal quality detector 4 becomes NG, the optimum focus 
position determination unit 5 stores an average position 
of the current reproduction focus position and the 
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previous reproduction focus position as an upper limit 
value of the reproduction focus position. 

The optimum focus position determination unit 5 
5 determines an average value of the lower limit value and 
the upper limit value, for example, as the optimum 
reproduction focus position (Step 218). The optimum 
reproduction focus position is set by the focus position 
setting unit 9, when data is reproduced from the optical 
10 disk 1. 

When the lower limit value and the upper limit 
value are obtained, the initial value of the reproduction 
focus position for obtaining the upper limit value is 

15 prescribed to be higher than that of the reproduction 
focus position for obtaining the lower limit value. More 
specifically, by starting from the values close to the 
respective limit values, with the initial value of the 
reproduction focus position for obtaining the lower limit 

20 value being different from the Initial value of the 
reproduction focus position for obtaining the upper limit 
value, a reproduction focus position is optimized in a 
short period of time. 

25 in the present embodiment, an average value of 

the lower limit value and the upper limit value is 
determined as an optimum reproduction focus position. 
However, in the case where an effective reproduction 
focus position is likely to become much lower than the 

30 set reproduction focus position, for example, due to the 
warpage and/or reflectivity of a disk, a value which 
divides the lower limit value and the upper limit value, 
for example, in a ratio of 2:1 may be determined as the 
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optimum reproduction focus position. By determining the 
value which divides the lower limit value and the upper 
limit value in a ratio of 2:1 as the optimum reproduction 
focus position, a tolerance for the lower reproduction 
5 focus position side becomes large. 

The reproduction signal quality detector 4 may be 
designed in such a manner that it detects a BER at which 
a recorded signal has been reproduced, and does not count 
errors generated continuously at a predetermined time or 
times. Thus, even when an area with a recording defect 
such as a scratch is locally present, the effect thereof 
can be eliminated, and an optimum reproduction focus 
position can be determined more accurately. 

Furthermore, the reproduction signal quality 
detector 4 is designed to detect a BER at which a record- 
ed signal has been reproduced. However, the reproduction 
signal quality detector 4 may detect a bit error rate, 
for example, as long as a reproduction signal quality can 
be detected. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
25 continuously reproduced. However, in an optical disk 
apparatus which performs recording, for example, on a 
block basis, it may be possible that one block of a land 
track from a point 141 to a point 142 and one block of a 
groove track from a point 142 to a point 143 are continu- 
30 ously recorded, and the land track from the point 141 to 
the point 142 and the groove track from the point 142 to 
the point 143 are continuously reproduced, as shown in 
Figure 7. 
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Similarly, in an optical disk apparatus which 
performs recording on a block basis, it may be possible 
that one block of a land track from a point 147 to a 
point 148 and one block of a groove track from a 
5 point 149 to a point 14100 are continuously recorded, and 

the land track from the point 147 to the point 148 and 
the groove track from the point 149 to the point 14100 
are continuously reproduced, as shown in Figure 7. Thus, 
as long as a land track and a groove track are recorded 
10 continuously before reproduction for detecting a 
reproduction signal quality, recording may be started at 
any point. 

In particular, assuming that one half of one 
15 block is a land track, and the other half of one block is 
a groove track (in Figure 8, when one block contains 16 
sectors, a zone from a point 151 to a point 152 corre- 
sponds to 8 seotors of the land track, and a zone from 
the point 152 to the point 153 corresponds to 8 sectors 
20 of the groove track), as shown in Figure 8, in the case 
of performing recording on a block basis, one block 
corresponds to one track or less, and two blocks 
correspond to one track or more. In this case, a waiting 
time for rotation can be shortened, compared with the 
25 case where one land track and one groove track are 
Continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed by 
a decrease in the area which is continuously recorded at 
any one time. 

30 

Similarly, in the present embodiment, one land 
track and one groove track are continuously recorded and 
reproduced. However, in the case where an optical disk 
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apparatus performs recording on a sector basis, it may be 
possible that a sector of a land track from a point 161 
to a point 162 and a sector of a groove track from a 
point 162 to a point 163 are continuously recorded, and 
5 a sector of a land track from the point 161 to the 
point 162 and a sector of the groove track from the 
point 162 to the point 163 are continuously reproduced, 
as shown in Figure 9. 

10 Similarly, in the case where recording is per- 

formed on a sector basis, it may be possible that a 
sector of a land track from a point 167 to the point 161 
and a sector of a groove track from the point 163 to a 
point 16S are continuously recorded, and a sector of a 

15 land track from the point 167 to the point 161 and a 
sector of a groove track from the point 163 to the 
point 168 are continuously reproduced. Thus, as long as 
a land track and a groove track are recorded continuously 
before reproduction for detecting a reproduction signal 

20 quality, recording may be started at any point. 

If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a 

25 waiting time for rotation can be shortened, compared with 
the case where one groove track and one land track are 
continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed by 
a decrease in area which is continuously recorded at any 

30 one time. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
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reproduced. However, two or more land tracks and two or 
more groove tracks may be continuously recorded and 
reproduced. By continuously recording and reproducing 
twp or more tracks of both the tracks, the variation of 
5 the tracks is absorbed, and optimum recording and 
reproduction focus positions can be determined more 
accurately . 

Similarly, even in the case where recording is 
10 performed on a block basis, two or more blocks of a land 
trade and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both the 
tracks, the variation of the blocks is absorbed, and 
15 optimum recording and reproduction focus positions can be 
determined more accurately. 

Furthermore, if the worst value of a block 
detected by the reproduction signal quality detector 4 is 
20 not adopted when two or more blocks are continuously 
recorded and reproduced, even when a block with a record- 
ing defect such as a scratch is present, the block can be 
eliminated. Thus, optimum recording and reproduction 
focus positions can be determined more accurately. 

25 

Similarly, even in the case where recording is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously recorded and reproduced. By continuously 
30 recording and reproducing two or more sectors of both the 
tracks, the variation of the sectors is absorbed, and 
optimum recording and reproduction focus positions can be 
determined more accurately. 



- 40 - 



P16201 



Furthermore, if the worst value of a sector 
detected by the reproduction signal quality detector 4 is 
not adopted when two or more sectors are continuously 
recorded and reproduced, even when a sector with a 
recording defect such as a scratch is present, the sector 
can be eliminated. Thus, optimum recording and reproduc- 
tion focus positions can be determined more accurately. 



Embodiment 2 

In the second embodiment, the steps of obtaining 
a recording focus position and a reproduction focus 
position are different from those in the first embodi- 
ment. 



Figure 10 shows a structure of a phase-change 
type optical disk apparatus in the second embodiment of 
the present invention. In Figure 10, reference numeral 1 
denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 174 denotes a land -groove 
reproduction signal quality detector, 175 denotes a 
land «groove optimum focus position determination unit, 
176 denotes a land* groove continuous record- 
ing/reproduction unit, 177 denotes a focus position 
controller, 178 denotes a track position controller, and 
179 denotes a focus position setting unit. 

The optical disk 1 is as described with reference 
to Figure 3. 



Figure 11 is a flow chart showing process steps 
of an optical disk apparatus in the present embodiment. 
Hereinafter, a procedure for obtaining a recording focus 
position will be described with reference to this flow 
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chart. 

In a phase-change -type optical disk apparatus, 
focus positions to be determined include at least a 
5 recording focus position and a reproduction focus posi- 
tion. First, a method for determining the recording 
focus position will be described, and a method for 
determining a reproduction focus position will be de- 
scribed later. 

10 

The optical disk 1 is loaded in an optical disk 
apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
15 setting an optimum recording focus position and an 
optimum reproduction focus position by the track position 
controller 178 ( Step 301 ) . 

Initial values of the recording focus position 
20 and the reproduction focus position for obtaining a lower 
limit value of a reproduction focus position are set by 
the focus position setting unit 179 ( Step 302 ) . At this 
time, a recording focus position for recording the land 
track is identical with a recording focus position for 
25 recording the groove track. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 
30 land »groove continuous recording/reproduction unit 176 to 
the focus position controller 177 and the track position 
controller 178, whereby recording is performed by the 
optical head 2. At this time, output light of the 
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optical head 2 is condensed as a light spot on the 
optical disk 1, whereby a recording mark is formed in 
accordance with a waveform of emitted light (Step 303). 

After the continuous recording of the land track 
and the groove track is completed, output light from the 
semiconductor laser of the optical head 2 is condensed at 
a reproduction focus position. A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land -groove continu- 
ous recording/reproduction unit 176 to the track position 
controller 178, and a signal 1710 which is varied depend- 
ing upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 1710 is subjected to a reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 1711 is input to the land* groove reproduc- 
tion signal quality detector 174 (Step 303). 



The land «groove reproduction signal quality 
detector 174 detects a signal quality of the signal 1711 
for a land track and a groove track, separately, and a 
detection result of the reproduction signal quality is 
input to the land «groove optimum focus position 
determination unit 175 ( Step 304 ) . 

Thei reproduction signal quality detector 174 
detects, for example, a BER at which the recorded signal 
has been reproduced. 



For example, when BERs are not NG for both the 
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land track and the groove track, as a detection result of 
the reproduction signal quality detector 174 (Step 305 
no), the land »groove optimum focus position determination 
unit 175 sets a recording focus position at which BERs 
5 become OK for both the land track and the groove track as 
an initial recording focus position (Step 306). While 
the recording focus position is gradually lowered, 
continuous recording and continuous reproduction of the 
land track and the groove track are performed at each 

10 time, and results of the land. groove reproduction signal 
quality detector 174 at the respective recording focus 
positions are stored. When BERs become NG for both the 
land track and the groove track (Step 305 yes), an 
average recording focus position of a minimum recording 

15 focus position at which the BER is OK and a maximum 
recording focus position at which the BER is NG is 
obtained for the land track and the groove track, 
respectively, and each average recording focus position 
is stored as a lower limit value of the recording focus 

20 position ( Step 307 ) . 



An upper limit value is obtained in a similar 
procedure to that of the lower limit value in accordance 
with each of Steps 308 to 313. More specifically, the 
land -groove optimum focus position determination unit 175 
sets a recording focus position at which BERs become OK 
for both the land track and the groove track as an 
initial recording focus position ( Step 308 ) . While the 
recording focus position is gradually raised, continuous 
recording and continuous reproduction of the land track 
and -the groove track ore performed at each time. When 
BERs become NG for both the land track and the groove 
track as a result of the land -groove reproduction signal 
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quality detector 174 (Step 311 yes), an average recording 
focus position of a maximum recording focus position at 
which the BER is OK and a minimum recording focus posi- 
tion at which the ber is NG is obtained for the land 
5 track and the groove track, respectively, and each 
average recording focus position is stored as an upper 
limit value of the recording focus position ( Step 313 ) . 

The land* groove optimum focus position determina- 
10 tion unit 17 S determines, for example, an average value 
of the lower limit value and the upper limit value as an 
optimum recording focus position (Step 314). 

When the lower limit value and the upper limit 
15 value are obtained, the initial value of the recording 
focus position for obtaining the upper limit value is 
prescribed to be higher than that of the recording focus 
position for obtaining the lower limit value. More 
specifically, by starting from the values close to the 
20 respective limit values, with the initial value of the 
recording focus position for obtaining the lower limit 
value being different from the initial value of the 
recording focus position for obtaining the upper limit 
value, a recording focus position is optimized in a short 
25 period of time. 



In the present embodiment, an average value of 
the- lower limit value and the upper limit value is 
determined as an optimum reproduction focus position. 
However, in the case where an effective reproduction 
focus position is likely to become much lower than the 
set optimum reproduction focus position, for example, due 
to the groove shape and/or reflectivity of a disk, a 
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value which divides the lower limit value and the upper 
limit value, for example, in a ratio of 2:1 may be deter- 
mined as the optimum reproduction focus position. By 
determining the value which divides the lower limit value* 
5 and the upper limit value in a ratio of 2:1 as the 
optimum reproduction focus position, a tolerance for the 
lower reproduction focus position side becomes large. 

In the present embodiment, a movement path of a 
10 light spot on the optical disk 1 is similar to that of 
the first embodiment, which has been described with 
reference to Figure 3. 

In the present embodiment, recording and 
15 reproduction of the land track and the groove track are 
continuously performed. Therefore, it takes less time, 
compared with the case where optimum recording focus 
positions are obtained for the land track and the groove 
track separately. 

20 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain an 
optimum recording focus position, in the case where the 
land track and the groove track are continuously recorded 
25 and reproduced as in the present embodiment, a time 

corresponding to 5 rotations in total is required (i.e., 
2 rotations for recording, one rotation for waiting for 
reproduction, and 2 rotations for reproduction). 

30 On the other hand, in a conventional apparatus, 

optimum recording focus positions are obtained for a land 
track and a groove track, separately, so that a time 
corresponding to 3 rotations in total is required for the 
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land track (i.e., one rotation for recording, one rota- 
tion for waiting for reproduction, and one rotation for 
reproduction). Furthermore, the same amount of time is 
required for the groove track. Thus, a time correspond- 
5 ing to 6 rotations in total is required. 

Assuming that the land track and the groove track 
are recorded at 4 kinds of recording focus positions so 
as to obtain an optimum recording focus position, a time 
10 corresponding to 20 (5 x 4) rotations is required in the 
present embodiment, whereas a time corresponding to 24 (6 
x 4) rotations is required in the conventional apparatus. 
Thus, a waiting time for rotation is shortened in the 
present embodiment. 

15 

As described above, in the optical disk apparatus 
of the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum recording 
20 focus position, whereby an optimum recording focus 
position can be determined in a short period of time, 
shortening a waiting time for rotation. 

Next, a procedure for obtaining a reproduction 
25 focus position will be described with reference to a flow 
chart of Figure 12. 

In the present embodiment, in order to obtain an 
optimum value of a reproduction focus position, a lower 
30 limit value and an upper limit value of the reproduction 
focus position are obtained, and thereafter, > an optimum 
value between the lower limit value and the upper limit 
value is obtained by computation. 
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First, the optical head 2 is moved to an area for 
setting an optimum recording focus position and an 
optimum reproduction focus position (Step 401). Then, 
the focus position setting unit 179 sets initial values 
5 of a recording focus position and a reproduction focus 
position for obtaining, for example, a lower limit value 
of the reproduction focus position (Step 402). At this 
time, a recording focus position for recording a land 
track is identical with a recording focus position for 
10 recording a groove track. 



Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 
land «groove continuous recording/reproduction unit 176 to 
the focus position controller 177 and the track position 
controller 178, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 
mark is formed in accordance with a waveform of emitted 
light (Step 403). 



After the continuous recording of the land track 
and the groove track is completed, output light from the 
semiconductor laser of the optical head 2 is condensed at 
a reproduction focus position, A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land* groove continu- 
ous recording/reproduction unit 176 to the track position 
controller 178, and a signal 1710 which is varied depend- 
ing upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
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reproduction system 3 as a reproduction signal. The 
reproduction signal 1710 is subjected to a reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 1711 is input to the land* groove reproduc- 
tion signal quality detector 174 ( Step 403 ) ♦ 

The land »groove reproduction signal quality 
detector 174 detects a signal quality of the signal 1711, 
and a detection result of the reproduction signal quality 
is input to the land* groove optimum focus position 
determination unit 175 (Step 404). 

The land* groove reproduction signal quality 
detector 174 detects, for example, a ber at which the 
recorded signal has been reproduced. 

For example, when BERs are not NG for both the 
land track and the groove track, as a detection result of 
the reproduction signal quality detector 174 (Step 405 
no), the land* groove optimum focus position determination 
unit 175 sets a reproduction focus position at which BERs 
become OK for both the land track and the groove track as 
an initial reproduction focus position (Step 406). While 
the reproduction focus position is gradually lowered, 
continuous recording and continuous reproduction of the 
land track and the groove track are performed at each 
time, and results of the land* groove reproduction signal 
quality detector 174 at the respective reproduction focus 
positions are stored. When BERs become NG for botb the 
land track and the groove track (Step 405 yes), an 
average reproduction focus position of a minimum 
reproduction focus position at which the BER is OK and a 



- 49 - 



P16201 



maximum reproduction focus position at which the BER is 
NG is obtained for the land track and the groove track, 
respectively, and each average reproduction focus posi- 
tion is stored as a lower limit value of the reproduction 
5 focus position (Step 407). 

An upper limit value is obtained in a similar 
procedure to that of the lower limit value in accordance 
with each of Steps 408 to 413. More specifically, the 

10 land -groove optimum focus position determination unit 175 
sets a reproduction focus position at which BERs become 
OK for both the land track and the groove track as an 
initial reproduction focus position ( Step 408 ) . While 
the reproduction focus position is gradually raised, 

15 continuous recording and continuous reproduction of the 
land track and the groove track are performed at each 
time. When BERs become NG for both the land track and 
the groove track as a result of the land • groove 
reproduction signal quality detector 174 (Step 411 yes), 

20 an average reproduction focus position of a maximum 
reproduction focus position at which the BER is OK and a 
minimum reproduction focus position at which the BER is 
NG is obtained for the land track and the groove track, 
respectively, and each average reproduction focus posi- 

25 tion is stored as an upper limit value of the reproduc- 
tion focus position ( Step 413 ) . 

The land -groove optimum focus position determina- 
tion unit 175 determines, for example, an average value 
30 of the lower limit value and the upper limit value as an 
optimum reproduction focus position ( Step 414 ) . 

When the lower limit value and the upper limit 
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value are obtained, the initial value of the reproduction 
focus position for obtaining the upper limit value is 
prescribed to be higher than that of the reproduction 
focus position for obtaining the lower limit value. More 
5 specifically, by starting from the values close to the 
respective limit values, with the initial value of the 
reproduction focus position for obtaining the lower limit 
value being different from the initial value of the 
reproduction focus position for obtaining the upper limit 
10 value, a reproduction focus position is optimized in a 
short period of time. 

In the present embodiment, an average value of 
the lower limit value and the upper limit value is 

15 determined as an optimum recording focus position. 

However, in the case where an effective recording focus 
position is likely to become much lower than the set 
optimum recording focus position, for example, due to the 
warpage and/or reflectivity of a disk, a value which 

20 divides the lower limit value and the upper limit value, 
for example, in a ratio of 2:1 may be determined as the 
optimum recording focus position. By determining the 
value which divides the lower limit value and the upper 
limit value in a ratio of 2:1 as the optimum recording 

25 focus position, a tolerance for the lower recording focus 
position side becomes large. 

The land -groove reproduction signal quality 
detector 174 may be designed in such a manner that it 
30 detects a BER at which a recorded signal has been repro- 
duced, and does not count errors generated continuously 
at a predetermined time or times. Thus, even when an 
area with a recording defect such as a scratch is locally 
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present, the effect thereof can be eliminated, and an 
optimum reproduction focus position can be determined 
more accurately. 

5 Furthermore, the land* groove reproduction signal 

quality detector 174 is designed to detect a BER at which 
a recorded signal has been reproduced. However, the 
reproduction signal quality detector 174 may detect a bit 
error rate, for example, as long as a reproduction signal 
10 quality can be detected. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
continuously reproduced. However, in an optical disk 
15 apparatus which performs recording, for example, on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 7. 

20 in the case where recording is performed on a 

block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 8. 

25 In the case where recording is performed on a 

sector basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 9. 

30 If recording and reproduction are performed on a 

sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a 
waiting time for rotation can be shortened, compared with 
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the case where one groove track and one land track are 
continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed by 
a decrease in area which ±s continuously recorded at any 
5 one time. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
reproduced. However, two or more land tracks and two or 
10 more groove tracks may be continuously recorded and 
reproduced. By continuously recording and reproducing 
two or more tracks of both tracks, the variation of the 
tracks is absorbed, and an optimum reproduction focus 
position can be determined more accurately. 

15 

Similarly, even in the case where recording is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
20 recording and reproducing two or more blocks of both the 
tracks, the variation of the blocks is absorbed, and 
optimum recording and reproduction focus positions can be 
determined more accurately . 

25 Furthermore, if the worst value of a block 

detected by the land -groove reproduction signal quality 
detector 174 is not adopted when two or more blocks are 
continuously recorded and reproduced, even when a block 
with a recording defect such as a scratch is present, the 

30 block can be eliminated. Thus, optimum recording and 

reproduction focus positions can be determined more 
accurately . 
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Similarly, even in the case where recording is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may- 
be continuously recorded and reproduced. By continuously 
5 recording and reproducing two or more sectors of both the 
tracks, the variation of the sectors is absorbed, and 
optimum recording and reproduction focus positions can be 
determined more accurately. 

10 Furthermore, if the worst value of a sector 

detected by the land* groove reproduction signal quality 
detector 174 is not adopted when two or more sectors are 
continuously recorded and reproduced, even when a sector 
with a recording defect such as a scratch is present, the 

15 sector can be eliminated. Thus, optimum recording and 
reproduction focus positions can be determined more 
accurately. 

Embodiment 3 

20 in a phase-change type optical disk apparatus of 

the third embodiment, a recording focus position and a 
reproduction focus position are determined for a groove 
track and a land track, separately. 

25 Figure 13 shows a structure of a phase-change 

type optical disk apparatus in the third embodiment of 
the present invention. In Figure 13, reference numeral 1 
. denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 204 denotes a land* groove 

30 reproduction signal quality detector, 205 denotes a 
land* groove optimum focus position determination unit, 
206 denotes a land* groove continuous record- 
ing/reproduction unit, 207 denotes a focus position 
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controller, 208 denotes a track position controller, and 
209 denotes a land* groove focus position setting unit. 

The op-fcical disk 1 is as described with reference 
5 to Figure 3. 

In the present embodiment, a method for determin- 
ing a recording focus position for a groove track and a 
land track, separately, will be described, and thereaf- 
10 ter, a method for determining a reproduction focus 
position for a groove track and a land track, separately, 
will be described. 

The optical disk 1 is loaded in an optical disk 
15 apparatus. Predetermined operations such as Identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
setting an optimum recording focus position and an 
optimum reproduction focus position by the track position 
20 controller 208 . 

Initial values of the recording focus position 
and the reproduction focus position are set in the focus 
position controller 207 by the land* groove focus position 
25 setting unit 209. At this time, a recording focus posi- 
tion for recording the land track is identical with a 
recording focus position for recording the groove track. 

Subsequently, a control signal for continuously 
30 recording one land track and one groove track from a 
predetermined position is transmitted * from the 
land* groove continuous recording/reproduction unit 206 to 
the focus position controller 207 and the track position 
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controller 208, whereby recording Is performed by the 
optical head 2. At this time, output light from a 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 
5 mark is formed in accordance with a waveform of emitted 
light . 

After the continuous recording of the land track 
and the groove track is completed, output light from the 

10 semiconductor laser of the optical head 2 is condensed at 
a reproduction focus position (equal to the initial 
recording focus position). A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land •groove continu- 

15 ous recording/reproduction unit 206 to the track position 
controller 208, and a signal 2010 which is varied depend- 
ing upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 

20 reproduction signal 2010 is subjected to a reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 2011 is input to the land -groove reproduc- 
tion signal quality detector 204. 

25 

The land -groove reproduction signal quality 
detector 204 detects a signal quality of the signal 2011, 
and- a detection result of the reproduction signal quality 
is input to the land -groove optimum focus position 
30 determination unit 205. 

The land -groove reproduction signal quality 
detector 204 detects a BER, for example, at which a 
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recorded signal has been recorded. 

Based on the detection result of the land -groove 
reproduction signal quality detector 204, each of 
5 Steps 103 to 108 in the flow chart of Figure 5 is per- 
formed for the land track and the groove track, separate- 
ly. Thus, the respective recording focus positions are 
set again. More specifically, every time a reproduction 
quality of the recorded signal is OK for the land track, 

10 the recording focus position is gradually lowered. When 
the reproduction quality becomes NG, en average recording 
focus position of the current recording focus position 
and the previous recording focus position is stored as a 
lower limit value of the recording focus position. A 

15 similar process is performed for the groove track, 
whereby a lower limit value of the recording focus 
position is stored. 

For example, when the first result of the 
20 land »groove reproduction signal quality detector 204 is 
NG for the land track and OK for the groove track, the 
recording focus position of the land track is raised, and 
the recording focus position of the groove track is 
lowered. Therefore, during the second continuous record - 
25 ing and reproduction, the recording focus position for 
recording the land track becomes higher than the record- 
ing focus position for recording the groove track. 

When the second result of the land* groove 
30 reproduction signal quality detector 204 Is OK for the 
land track and NG for the groove track, the land -groove 
optimum focus position determination unit 205 determines 
an average recording focus position of the current 
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recording focus position and the previous recording focus 
position for the land track and the groove track, sepa- 
rately, and stores these average recording focus posi~ 
tions as lower limit values of the recording focus 
5 positions for the land track and the groove track. 

When the second result of the land* groove 
reproduction signal quality detector 204 is OK for the 
land track and OK for the groove track, the land* groove 

10 optimum focus position determination unit 205 stores an 
average recording focus position of the current recording 
focus position and the previous recording focus position 
at which the land track has been recorded as a lower 
limit value of the recording focus position for the land 

15 track. Regarding the groove track, a recording focus 
position lower than the recording focus position at which 
the second recording has been performed is set, and the 
groove track is recorded at the set recording focus posi- 
tion, whereby a reproduction signal quality is detected. 

20 

When the third result of the land* groove 
reproduction signal quality detector 204 is NG for the 
groove track, the land* groove optimum focus position 
determination unit 205 stores an average recording focus 
25 position of the current recording focus position and the 
previous recording focus position as a lower limit value 
of the recording focus position for the groove track. 

Regarding the upper limit value, after Step 110 
30 in the flow chart of Figure 5, each of Steps 111 to 116 
in the flow chart of Figure 5 is performed for the land 
track and the groove track, separately. Thus, an upper 
limit value of the recording focus position for the land 
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■track is obtained and stored, and an upper limit value of 
the recording focus position for the groove track is 
obtained and stored. 

5 The land -groove optimum focus position determina- 

tion unit 205 obtains an average value of the upper limit 
value and the lower limit value for the land track and 
the groove track, separately, and determines these focus 
positions as the optimum recording focus positions for 

10 the land track and the groove track. The land* groove 
focus position setting unit 209 sets the optimum record- 
ing focus position for the land track when data is 
recorded in the land track, and sets the optimum record- 
ing focus position for the groove track when data is 

15 recorded in the groove track. 

When the lower limit value and the upper limit 
value are obtained, the initial value of the recording 
focus position for obtaining the upper limit value is 

20 prescribed to be higher than that of the recording focus 
position far obtaining the lower limit value. More 
specifically, by starting from the values close to the 
respective limit values, with the initial value of the 
recording focus position for obtaining the lower limit 

25 value being different from the initial value of the 
recording focus position for obtaining the upper limit 
value, a recording focus position is optimized in a short 
period of time. 

30 in the present embodiment, an average value of 

the lower limit value and the upper limit value is 
determined as an optimum recording focus position. 
However, in the case where an effective recording focus 
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position is likely to become much lower than the set 
optimum recording focus position, for example, due to the 
groove shape and/or reflectivity of a disk, a value which 
divides the lower limit value and the upper limit value, 
5 for example, in a ratio of 2:1 may be determined as the 
optimum recording focus position. By determining the 
value which divides the lower limit value and the upper 
limit value in a ratio of 2:1 as the optimum recording 
focus position, a tolerance for the lower recording focus 
10 position side becomes large. 

In the present embodiment, a movement path of a 
light spot on the optical disk 1 is similar to that of 
the first embodiment, which has been described with 
15 reference to Figure 3. 

In the present embodiment, recording and 
reproduction of the land track and the groove track are 
continuously performed. Therefore, it takes less time, 
20 compared with -the case where optimum recording focus 
positions are obtained for the land track and the groove 
track, separately. 

For example, when a land track is recorded once 
25 and a groove track is recorded once in order to obtain an 
optimum recording focus position, in the case where the 
land track and the groove track are continuously recorded 
and- reproduced as in the present embodiment, a time 
corresponding to 5 rotations in total is required (i.e., 
30 2 rotations for recording, one rotation for waiting for 
reproduction, and 2 rotations for reproduction). 

On the other hand, in a conventional apparatus, 
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optimum recording focus positions are obtained for a land 
track and a groove track, separately, so that a time 
corresponding to 3 rotations in total is required for the 
land track (i.e., one, rotation for recording, one rota- 
5 tion for waiting for reproduction, and one rotation for 
reproduction) . Furthermore, the same amount of time is 
required for the groove track. Thus, a time correspond- 
ing to 6 rotations in total is required. 

10 Assuming that the land track and the groove track 

are recorded at 4 kinds of recording focus positions so 
as to obtain an optimum recording focus position, a time 
corresponding to 20 (5 x 4) rotations is required in the 
present embodiment, whereas a time corresponding to 24 (6 

15 x 4) rotations is required in the conventional apparatus. 

Thus, a waiting time for rotation is shortened in the 
present embodiment. 

As described above, in the optical disk apparatus 
20 of the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum recording 
focus position, whereby an optimum recording focus 
position can be determined in a short period of time, 
25 shortening a waiting time for rotation. 

Next, a procedure for obtaining a reproduction 
focus position for a groove track and a land track, 
separately, will be described. 

30 

In the present embodiment, in order to obtain an 
optimum value of a reproduction focus position, a lower 
limit value and an upper limit value of the reproduction 
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focus position are obtained, and thereafter, an optimum 
value between the lower limit value and the upper limit 
value is obtained by computation. 

5 First, initial values of a recording focus posi- 

tion and a reproduction focus position for obtaining, for 
example, a lower limit value of the reproduction focus 
position are set in the focus position controller 207 by 
the land -groove focus position setting unit 209. At this 
10 time, a recording focus position for recording a land 
track is identical with a recording focus position for 
recording a groove track. 



Subsequently, a control signal for continuously 
15 recording one land track and one groove track from a 
predetermined position is transmitted from the 
land «groove continuous recording/reproduction unit 206 to 
the focus position controller 207 and the track position 
controller 208, whereby recording is performed by the 
20 optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 
mark is formed in accordance with a waveform of emitted 
light. 

25 

After the continuous recording of the land track 
and the groove track is completed, output light from the 
semiconductor laser of the optical head 2 is condensed at 
a reproduction focus position. A signal for continuously 
30 reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land -groove continu- 
ous recording/reproduction unit 206 to the track position 
controller 208, and a signal 2010 which is varied depend- 
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ing upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal . The 
reproduction signal 2010 is subjected to reproduction 
5 signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 2011 is input to the land 'groove reproduc- 
tion signal quality detector 204. 

10 The land«groove reproduction signal quality 

detector 204 detects a signal quality of the signal 2011, 
and a detection result of the reproduction signal quality 
is input to the land* groove optimum focus position 
determination unit 205. 

15 

The land «groove reproduction signal quality 
detector 204 detects a BER, for example, at which a 
recorded signal has been reproduced. 

20 Based on the detection result of the land 'groove 

reproduction signal quality detector 204, each of 
Steps 203 to 208 in the flow chart of Figure 6 is per- 
formed for the land track and the groove track, separate- 
ly. Thus, the respective reproduction focus positions 

25 are set again. More specifically, every time a 
reproduction quality of the recorded signal is OK for the 
land track, the reproduction focus position is gradually 
lowered. When the reproduction quality becomes NG, an 
average reproduction focus position of the current 

30 reproduction focus position and the previous reproduction 
focus position is stored as a lower limit value of the 
reproduction focus position. A similar process is 
performed for the groove track, whereby a lower limit 
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value of the reproduction focus position is stored. 

For example, when the first result of the 
land -groove reproduction signal quality detector 204 is 
5 NG for the land track and OK for the groove track, the 
reproduction focus position of the land track is raised, 
and the reproduction focus position of the groove track 
is lowered- Therefore, during the second continuous 
recording and reproduction, the reproduction focus 
10 position for reproducing the land track becomes higher 
than the reproduction focus position for reproducing the 
groove track. 

When the second result of the land -groove 
reproduction signal quality detector 204 is OK for the 
land track and NG for the groove track, the land -groove 
optimum focus position determination unit 205 stores an 
average reproduction focus position of the current 
reproduction focus position and the previous reproduction 
focus position as a lower limit value of the reproduction 
focus position for the land track and the groove track. 

When the second result of the land -groove 
reproduction signal quality detector 204 is OK for the 
land track and OK for the groove track, the land -groove 
optimum focus position determination unit 205 stores an 
average reproduction focus position of the current 
reproduction focus position and the previous reproduction 
focus position at which the land track has been repro- 
30 duced as a lower limit value of the reproduction focus 
position for the land track. Regarding the groove track, 
a reproduction focus position lower than the reproduction 
focus position at which the second reproduction has been 



15 



20 
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performed is set, and -the groove track is recorded at the 
set reproduction focus position, whereby a reproduction 
signal quality is detected. 

When the third result of the land* groove 
reproduction signal quality detector 204 is NG for the 
groove track, the land* groove optimum focus position 
determination unit 205 stores an average reproduction 
focus position of the current reproduction focus position 
and the previous reproduction focus position as a lower 
limit value of the reproduction focus position for the 
groove track . 

Regarding the upper limit value, after Step 210 
in the flow chart of Figure 6, each of Steps 211 to 216 
in the flow chart of Figure 6 is performed for the land 
track and the groove track, separately. Thus, an upper 
limit value of the reproduction focus position for the 
land track is obtained and stored, and an upper limit 
value of the reproduction focus position for the groove 
track is obtained and stored. 

The land- groove optimum focus position determina- 
tion unit 205 obtains an average value of the upper limit 
value and the lower limit value for the land track and 
the groove track, separately, and determines these focus 
positions as the optimum reproduction focus positions for 
the - land track and the groove track. The land* groove 
focus position setting unit 209 sets the optimum repro- 
duction focus position for the land track when data is 
reproduced from the land track, and sets the optimum 
reproduction focus position for the groove track when 
data is reproduced from the groove track. 
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When the lower limit value and the upper limit 
value are obtained, the initial value of the reproduction 
focus position for obtaining the upper limit value is 
prescribed to be higher than that of the reproduction 
focus position for obtaining the lower limit value. More 
specifically, by starting from the values close to the 
respective limit values, with the initial value of the 
reproduction focus position for obtaining the lower limit 
value being different from the initial value of the 
reproduction focus position for obtaining the upper limit 
value, a reproduction focus position is optimized in a 
short period of time. 

Xn the present embodiment, an average value of 
the lower limit value and the upper limit value is 
determined as an optimum reproduction focus position. 
However, in the case where an effective reproduction 
focus position is likely to become much lower than the 
set optimum reproduction focus position, for example, due 
to the warpage and/or reflectivity of a disk, a value 
which divides the lower limit value and the upper limit 
value, for example, in a ratio of 2:1 may be determined 
as the optimum reproduction focus position. By determin- 
ing the value which divides the lower limit value and the 
upper limit value in a ratio of 2:1 as the optimum 
reproduction focus position, a tolerance for the lower 
reproduction focus position side becomes large. 

The land *groove reproduction signal quality 
detector 204 may be designed in such a manner that it 
detects a BER at which a recorded signal has been repro- 
duced, and does not count errors generated continuously 
at a predetermined time or times. Thus, even when an 
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area with a recording defect such as a scratch is locally 
present, the effect thereof can be eliminated, and an 
optimum reproduction focus position can be determined 
more accurately. 

5 

Furthermore, the land- groove reproduction signal 
quality detector 204 is designed to detect a BER at which 
a recorded signal has been reproduced. However, the 
reproduction signal quality detector 204 may detect a bit 
10 error rate, for example, as long as a reproduction signal 
quality can be detected. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
15 continuously reproduced. However, in an optical disk 
apparatus which performs recording, for example, on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 7 . 

20 

In the case where recording is performed on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 8 . 

25 

In the case where recording is performed on a 
sector basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 9 . 

30 

If recording and reproduction are performed on a 
sector basis, an area to be recorded and reproduced may 
be one track or less. Therefore, a waiting time for 
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rotation can be shortened, compared with the case where 
one groove track and one land track are continuously 
recorded and reproduced. Furthermore, deterioration due 
to repeated recording can be delayed by a decrease in 
5 area which is continuously recorded at any one time. 

The following may be possible: when recording is 
performed on a sector basis, continuous recording of the 
land track and the groove track is performed while a 

10 recording focus position is gradually decreased, for 
example, on a sector basis; during the subsequent 
continuous reproduction, a reproduction signal quality of 
each sector of the land track and the groove track is 
detected; and a recording focus position obtained by 

15 adding a certain margin to an average recording focus 
position of the recording focus positions immediately 
before and after the detection result is changed from OK 
to NG is determined as an optimum recording focus posi- 
tion for the land track and the groove track, respec- 

20 tively. 

Similarly, regarding determination of a reproduc- 
tion focus position, the following may be possible: a 
land track and a groove track are continuously recorded 

25 while a reproduction focus position is gradually in- 
creased from a low reproduction focus position on a 
sector basis; during the subsequent continuous reproduc- 
tion, a reproduction signal quality of each sector of the 
land track and the groove track is detected; and with an 

30 average reproduction focus position of the reproduction 
focus positions immediately before and after- the detec- 
tion result is changed from NG to OK being a lower limit 
value of the reproduction focus position and an average 
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reproduction focus position of tha reproduction focus 
positions immediately before and after the detection 
result is changed from OK to NG being an upper limit 
value of the reproduction focus position, an average 
5 reproduction focus position of the lower limit value and 
the upper limit value is determined as an optimum 
reproduction focus position. 

As described above, by continuously performing 
10 recording and reproduction while recording and reproduc- 
tion positions are changed on a sector basis, a 
reproduction signal quality result in a plurality of 
recording and reproduction focus positions is obtained 
for the land track and the groove track in one continuous 
15 recording and reproduction of the land track and the 
groove track, which is more effective. Furthermore, 
deterioration due to repeated recording can be delayed by 
a decrease in area which is continuously recorded for 
determining optimum recording and reproduction focus 
20 positions . 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
reproduced. However, two or more land tracks and two or 
25 more groove tracks may be continuously recorded and 
reproduced. By continuously recording and reproducing 
two or more tracks, the variation of the tracks is 
absorbed, and optimum recording and reproduction focus 
positions can be determined more accurately. 

30 

Similarly, even in the case where recording is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
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continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both the 
tracks, the variation of the blocks is absorbed, and 
optimum recording and reproduction focus positions can be 
5 determined more accurately. 

Furthermore, if the worst value of a block 
detected by the land* groove reproduction signal quality 
detector 204 is not adopted when two or more blocks are 
10 continuously recorded and reproduced, even when a block 
with a recording defect such as a scratch is present, the 
block can be eliminated. Thus, optimum recording and 
reproduction focus positions can be determined more 
accurately . 

15 

Similarly, even in the case where recording is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously recorded and reproduced. By continuously 
20 recording and reproducing two or more sectors of both the 
tracks, the variation of the sectors is absorbed, and 
optimum recording and reproduction focus positions can be 
determined more accurately. 

25 Furthermore, if the worst value of a sector 

detected by the land* groove reproduction signal quality 
detector 204 is not adopted when two or more sectors are 
continuously recorded and reproduced, even when a sector 
with a recording defect such as a scratch is present, the 

30 sector can be eliminated. Thus, optimum recording and 
reproduction focus positions can be determined more 
accurately . 
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In the first, second, and third embodiments of 
the present invention, in order to detect a reproduction 
signal quality by the reproduction signal detectors 4, 
174, and 204, a detection method based on a BER has been 
5 illustrated. Alternatively, the following other detec- 
tion methods may be used. 

As an example of the detection method, a method 
fox- detecting a jitter will be exemplified. Figure 14A 

10 shows a relationship between the recording focus position 
and the jitter. In this figure, the abscissa represents 
the recording focus position, and the ordinate represents 
the jitter. Figure 14B shows a relationship between the 
reproduction focus position and the jitter. In this 

15 figure, the abscissa represents the reproduction focus 
position, and the ordinate represents the jitter. 

The jitter refers to a time shift between a 
reproduction signal and an original signal. The jitter 

20 occurs due to a decrease in a reproduction signal ampli- 
tude caused by a positional shift of a focus point of a 
laser beam and decreases with an increase in a reproduc- 
tion signal amplitude. The jitter amount becomes almost 
constant when the reproduction signal amplitude is 

25 saturated. Generally, more accurate recording is 
performed as the jitter becomes smaller, under the same 
reproduction conditions. It is assumed that a detection 
result In which the jitter becomes equal to or lower than 
a threshold value is OK, and a detection result in which 

30 the jitter exceeds a threshold value is NG. 

The jitter can be detected as an average value in 
a measurement interval, and does not change enormously 
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even when an area with a recording defect such as a 
scratch is locally present. Thus, the jitter can suit- 
ably be used for determining an optimum focus position. 

5 As another example of the detection method, a 

method for detecting resolution will be described. 
Figure 15A shows a relationship between the recording 
focus position and the resolution. In this figure, the 
abscissa represents the recording focus position, and the 
10 ordinate represents the resolution. Figure 15B shows a 
relationship between the reproduction focus position and 
the resolution. The abscissa represents the reproduction 
focus position, and the ordinate represents the resolu- 
tion. 

15 

The resolution refers to a ratio between an 
amplitude of a reproduction signal in the shortest period 
and an amplitude of a reproduction signal in the longest 
period. As shown in Figure 16, generally, more accurate 

20 recording is performed as the resolution becomes larger, 
under the same reproduction conditions . It is assumed 
that a detection result in which the resolution becomes 
equal to or higher than a threshold value is OK, and a 
detection result in which the resolution becomes lower 

25 than a threshold value is NG. 

The resolution can be detected as an average 
value in a measurement interval, and does not change 
enormously even when an area with a recording defeat such 
30 as a scratch is locally present. Thus, the resolution 
can suitably be used for determining an optimum focus 
position. 
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As another example of the detection method, a 
method for detecting modulation will be described. 
Figure 17A shows a relationship between the recording 
focus position and the modulation. In this figure, the 
5 abscissa represents the recording focus position, and the 
ordinate represents the modulation. Figure 17B shows a 
relationship between the reproduction focus position and 
the modulation. The abscissa represents the reproduction 
focus position, and the ordinate represents the modula- 
10 tion. 



The modulation refers to a ratio between an AC 
component and a DC component in a reproduction signal in 
a time interval, as shown in Figure 18. Generally, more 

15 accurate recording is performed as the modulation becomes 
larger, under the same reproduction conditions. It is 
assumed that a detection result in which the modulation 
becomes equal to or higher than a threshold value is OK, 
and a detection result in which the modulation becomes 

20 lower than a threshold value is NG. 



The modulation can be detected as an average 
value in a measurement interval, and does not change 
enormously even when an area with a recording defect such 
25 as a scratch is locally present. Thus, the modulation 
can suitably be used for determining an optimum focus 
position. 

As another example of the detection method, a 
30 method for detecting symmetry will be described. Fig- 
ure 19A shows a relationship between the recording focus 
position and the symmetry. In this figure, the abscissa 
represents the recording focus position, and the ordinate 



- 73 - 



P16201 



represents the symmetry. Figure 19B shows a relationship 
between the reproduction focus position and the symmetry. 
The abscissa represents the reproduction focus position, 
and the ordinate represents the symmetry. 

5 

The symmetry refers to a value which shows a 
secondary harmonic component of a reproduction signal, as 
shown in Figure 20. The symmetry occurs due to a shift 
of a shape of a recording mark from a desired shape, 

10 caused by a shift of a focus point of a laser beam. 

Generally, more accurate recording is performed as the 
symmetry becomes smaller, under the same reproduction 
conditions. It is assumed that a detection result in 
which an absolute value of the symmetry becomes equal to 

15 or higher than a threshold value is NG, and a detection 
result in which an absolute value of the symmetry becomes 
lower than a threshold value is OK. 

The symmetry can be detected as an average value 
20 in a measurement: interval, and does not change enormously 
even when an area with a recording defect such as a 
scratch is locally • present . Thus, the symmetry can 
suitably be used for determining an optimum focus posi- 
tion. 

25 

As another example of the detection method, a 
method for detecting CN will be described. Figure 21A 
shows a relationship between the recording focus position 
and the CN. In this figure, the abscissa represents the 
30 recording focus position, and the ordinate represents the 
CN. Figure 21B shows a relationship between the 

reproduction focus position and the CN. The abscissa 
represents the reproduction focus position, and the 
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ordinate represents the CN. 

The CN refers to a ratio between a signal compo- 
nent and a noise of a reproduction signal at a particular 
5 frequency. Generally, more accurate recording is per- 
formed as the CN becomes larger, under the same reproduc- 
tion conditions. It is assumed that a detection result 
in which the CN becomes equal to or higher than a thresh- 
old value is OK, and a detection result in which the CN 
10 becomes lower than a threshold value is NG. 

The CN can be detected as an average value in a 
measurement interval, and does not change enormously even 
when an area with a recording defect such as a scratch is 
15 locally present. Thus, the CN can suitably be used for 
determining an optimum focus position. 

In the first, second, and third embodiments of 
the present invention, when an optimum recording focus 

20 position is determined, recording and reproduction are 
performed by changing only a recording focus position 
under the condition that a reproduction focus position is 
fixed. However, the recording focus position and the 
reproduction focus position may be changed simultaneously 

25 without fixing the reproduction focus position (e.g., a 
ratio between the recording focus position and the 
reproduction focus position is prescribed to be con- 
stant ) . 

30 Similarly, in the first, second, and third 

embodiments of the present invention, when -an optimum 
reproduction focus position is determined, recording and 
reproduction are performed by changing only a reproduc- 
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tion focus position under "the condition that a recording 
focus position is fixed. However, the recording focus 
position and the reproduction focus position may be 
changed simultaneously without fixing the recording focus 
5 position (e.g., a ratio between the recording focus 
position and the reproduction focus position is pre- 
scribed to be constant ) . 

For example, in the case where a shift occurs in 
10 a light-emission wavelength due to the difference in 
laser power between recording and reproduction, which 
causes a difference in chromatic aberration, both a 
recording focus position and a reproduction focus posi- 
tion are lower and higher than a presumed focus position. 
15 Therefore, when optimum recording and reproduction focus 
positions are determined, a recording focus position end 
a reproduction focus position are simultaneously changed, 
whereby more practical optimum recording and reproduction 
focus positions can be determined. 

20 

In the first to third embodiments, prior to 
setting the optimum recording and reproduction focus 
positions, the optical head 2 is moved to a predetermined 
area. This area is an outermost area la of the optical 

25 disk 1, for example, as shown in Figure 22A. However, 
when the optical disk 1 is warped or when the optical 
disk 1 is not properly placed in an apparatus, the 
optimum recording and reproduction focus positions ob- 
tained in the outermost area la of the optical disk 1 are 

30 not necessarily optimum for an inner track portion of the 
optical disk 1. More specifically, the optimum recording 
and reproduction focus positions may be different between 
the outer track portion and the inner track portion of 
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the optical disk 1. Therefore, in a plurality of places 
on the optical disk 1 (e.g., in an outermost track and an 
innermost track of the optical disk 1 ) , optimum recording 
and reproduction focus positions are obtained, and a 
5 supplementary curve connecting the optimum focus position 
points in the outermost track and in the innermost track 
as shown in Figure 22B is formed for the optimum record- 
ing and reproduction focus positions, separately. When 
the optical disk 1 is recorded and reproduced, optimum 

10 recording and reproduction focus positions may be set, 
respectively, in accordance with a recording position and 
a reproduction position of the optical disk 1 based on 
the supplementary curve connecting the optimum focus 
position points in the outermost track and the innermost 

1 5 track . 

Embodiment 4 

In the fourth embodiment, a tilt angle common to 
a land track and a groove track of an optical disk is 
20 obtained in order to be set. 

Figure 23 shows a structure of a phase-change 
type optical disk apparatus in the fourth embodiment of 
the present invention. In Figure 23, reference numeral 1 

25 denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 2204 denotes a reproduc- 
tion signal quality detector, 2205 denotes an optimum 
tilt angle determination unit, 2206 denotes a land ♦groove 
continuous recording/reproduction unit, 2207 denotes a 

30 tilt angle controller, 2208 denotes a track position 

controller, and 2209 denotes a tilt angle setting unit. 

The optical disk 1 is as described with reference 
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■to Figure 3. 

Figure 24A is a diagram showing a radial tilt 
angle a of a laser beam output from the optical head 2. 
5 As shown in this figure, a radial tilt angle a is a tilt 
angle with respect to an optic axis 22110 vertical to a 
recording/reproduction surface of the optical disk 1 
(i.e., a tilt angle in a radius direction of ths optical 
disk 1). 

10 

Figure 24B is a diagram showing a tangential tilt 
angle p of a laser beam output from the optical head 2. 
As shown in this figure, a tangential tilt angle £ is a 
tilt angle with respect to the optic axis 22110 vertical 
15 to the recording/reproduction surface of the optical 
disk 1 (i.e., a tilt angle in a direction of a tangent of 
a circumference of the optical disk 1). 

An output direction of a laser beam from the 
20 optical head 2 can be adjusted by the tilt angle control- 
ler 2207. This enables the radial tilt angle a and the 
tangential tilt angle (J of a laser beam from the optical 
head 2 to be adjusted. 

25 Figure 25 is a flow chart showing process steps 

of an optical disk apparatus of the present embodiment. 
A procedure for obtaining a tilt angle will be described 
with reference to the flow chart. 

30 In an optical disk apparatus, tilt angles to be 

determined include at least a radial tilt angle and a 
tangential tilt angle. In the present embodiment, first, 
a method for determining the radial tilt angle will be 
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described, and a method for determining a tangential tilt 
angle will be described later. 

The optical disk 1 is loaded in an optical disk 
5 apparatus . Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
setting an optimum tilt angle by the track position 
Controller 2208 (Step 501). 

10 

Initial values of the radial tilt angle and the 
tangential tilt angle are set in the tilt angle control- 
ler. 2207 by the tilt angle setting unit 2209 (Step 502). 
At this time, a tilt angle for recording the land track 
15 is identical with a tilt angle for recording the groove 
track . 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 

20 predetermined position is transmitted from the 
land «groove continuous recording/reproduction unit 2206 
to the tilt angle controller 2207 and the track position 
controller 2208, whereby recording is performed by the 
optical head 2. At this time, output light from the 

25 semiconductor laser 2-1 of the optical head 2 is con- 
densed as a light spot on the optical disk 1, whereby a 
recording mark is formed in accordance with a waveform of 
emitted light (Step 503). 

30 After the continuous recording of the land track 

and the groove track is completed, output light from the 
semiconductor laser 2-1 of the optical head 2 is emitted 
at a reproduction power. A signal for continuously 
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reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land* groove continu- 
ous recording/reproduction unit 2206 to the track posi- 
tion controller 2208, and a signal 2210 which is varied 
5 depending upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 2210 is subjected to reproduction 
signal processing such as amplification, waveform equal - 
10 ization, and digitization at the reproduction system 3, 
and a signal 2211 is input to the reproduction signal 
quality detector 2204 ( Step 503 ) . 

The reproduction signal quality detector 2204 
15 detects a signal quality of the signal 2211, and a detec- 
tion result of the reproduction signal quality is input 
to the optimum tilt angle determination unit 2205. When 
the length of the reproduced land track is equal to or 
almost equal to that of the reproduced groove track, a 
20 reproduction signal quality detection result is an 
average reproduction signal quality result of the land 
track and the groove track. In other words, the 
reproduction signal quality detection result is an 
average reproduction signal quality result of the optical 
25 disk 1 when recording is performed at the above-mentioned 
tilt angle (Step 504). 

The reproduction signal quality detector 2204 de- 
tects, for" example, a BER at which the recorded signal 
30 has been reproduced. Figure 26A shows a relationship 
between the radial tilt angle a and the BER. « 

In Figure 26A, the abscissa represents the radial 
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tilt angle, and the ordinate represents the BER. In 
general, under the same reproduction conditions, more 
accurate recording and reproduction are performed with a 
smaller BER. It is assumed that a detection result in 
5 which the BER becomes a threshold value or less is OK, 
and a detection result in which the BER exceeds the 
threshold value is NG. 

When the first result of the reproduction signal 
10 quality detector 2204 is NG, for example, (Step 504 no, 
Step 505 no), the optimum tilt angle determination 
unit 2205 sets a radial tilt angle tilted to a plus side 
from the initial radial angle ( Step 506 ) . When the first 
result of the reproduction signal quality detector 2204 
15 is OK, for example, (Step 504 yes, Step 507 no), the 

optimum tilt angle determination unit 2205 sets a radial 
tilt angle decreased to a minus side from the initial 
radial tilt angle ( Step 508 ) . Continuous recording and 
continuous reproduction of the land track and the groove 
20 track at the set radial tilt angle are performed in the 
same way as described above ( Step 503 ) . 

When the first result of the reproduction signal 
quality detector 2204 is NG, and the second result 
25 thereof is OK (Step 504 yes, Step 507 yes), the optimum 
tilt angle determination unit 2205 stores an average tilt 
angle of the current radial tilt angle and the previous 
radial tilt angle as a minus side limit value of the 
radial tilt angle (Step 509). 

30 

When the first result of the reproduction signal 
quality detector 2204 is OK, and the second result 
thereof is NG (Step 504 no, Step 505 yes), the optimum 
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tilt angle determination unit 2205 stores an average tilt 
angle of the current radial tilt angle and the previous 
radial tilt angle as a minus side limit value of the 
radial tilt angle (Step 509). 

5 

When the first result of the reproduction signal 
quality detector 2204 is OK, and the second result 
thereof is OK, the optimum tilt angle determination 
unit 2205 sets a tilt angle which is further decreased to 

10 the minus side than the radial tilt angle recorded and 
reproduced at the second time, and continuous recording 
and continuous reproduction of the land track and the 
groove track are performed at the set radial tilt angle, 
whereby a reproduction signal quality is detected. When 

15 the third result of the reproduction signal quality 
detector 2204 is NO, the optimum tilt angle determination 
unit 2205 stores an average radial tilt angle of the 
current radial tilt angle and the previous radial tilt 
angle as the minus side limit value of the radial tilt 

20 angle. 

A plus side limit value is obtained in a similar 
procedure to that of the minus side limit value in 
accordance with each of Steps 510 to 517. More 

25 specifically, every time the result of the reproduction 
signal quality detector 2204 is OK, the radial tilt angle 
is gradually increased to the plus side. When the result 
of the reproduction signal quality detector 2204 becomes 
NG, the optimum tilt angle determination unit 2205 stores 

30 an average radial tilt angle of the current radial tilt 
angle and the previous radial tilt angle as a plus side 
limit value. 
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The optimum tilt; angle determination unit 2205 
determines an average value of the minus side limit value 
and the plus side limit value, for example, as the 
optimum radial tilt angle (Step 518) «-- ...The tilt position 
5 setting unit 2209 sets the optimum radial tilt angle. 

In the present embodiment, a movement path of a 
light Spot On the optical disk 1 is similar to that of 
the first embodiment, which has been described with 
10 reference to Figure 3. 

As described above, in order to obtain an optimum 
tilt angle, the land track and the groove track are 
recorded and reproduced by an equal or almost equal 
15 length, whereby an average characteristic of the land 
track and the groove track is obtained as an optimum 
radial tilt angle, and a radial tilt angle suitable for 
the land track and the groove track is determined. 

20 Furthermore, in the present embodiment, recording 

and reproduction of the land track and the groove track 
are continuously performed. Therefore, it takes less 
time, compared with the case where optimum radial angles 
are obtained for the land track and the groove track, 

25 separately, and the obtained radial tilt angles are 
averaged . 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain an 
30 optimum radial tilt angle, in the case where the land 
track and the groove track are continuously recorded and 
reproduced as in the present embodiment, a time corre- 
sponding to 5 rotations in total is required (i.e., 2 
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rotations for recording, one rotation for waiting for 
reproduction, and 2 rotations for reproduction). 

On the other hand, in a conventional apparatus, 
5 optimum radial tilt angles are obtained for a land track 
and a groove track, separately, so that a time 
corresponding to 3 rotations in total is required for the 
land track (i.e., one rotation for recording, one rota- 
tion for waiting for reproduction, and one rotation for 
10 reproduction). Furthermore, the same amount of time is 
required for the groove track. Thus, a time correspond- 
ing to 6 rotations in total is required. 

Assuming that the land track and the groove track 
15 are recorded at 4 kinds of radial tilt angles so as to 
obtain an optimum radial tilt angle, a time corresponding 
to 20 (5 x 4 ) rotations is required in the present 
embodiment, whereas a time corresponding to 24 (6 x 4) 
rotations is required in the conventional apparatus. 
20 Thus, a waiting time for rotation is shortened in the 
present embodiment. 

As described above, in the optical disk apparatus 
of the present embodiment, a land track and a groove 
25 track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum radial 
tilt angle, whereby an optimum radial tilt angle can be 
determined in a short period of time, shortening a 
waiting time for rotation. 

30 

Next, a procedure for obtaining a tangential tilt 
angle p will be described with reference to a flow chart 
of Figure 27. 
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In -the present embodiment:, in order to obtain an 
optimum value of a tangential tilt angle p, a minus side 
limit value and a plus side limit value of the tangential 
tilt angle are obtained, and thereafter, an optimum value 
5 between the minus side limit value and the plus side 
limit value is obtained by computation. 

First, the optical head 2 is moved to an area for 
setting an optimum tilt angle (Step 601). Then, the tilt 

10 angle setting unit 2209 sets Initial values of a radial 
tilt angle and a tangential tilt angle for obtaining, for 
example, a minus side limit value of the tangential tilt 
angle (Step 602). At this time, a tangential tilt angle 
for reproducing a land track is identical with a tangen- 

15 tial tilt angle for reproducing a groove track. 

Here, it is assumed that the radial tilt angle 
is fixed under the same recording conditions so as to 
examine effects of changes in the tangential tilt angle 
20 on a reproduction signal. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 

25 land «groove continuous recording/reproduction unit 2206 
to the tilt angle controller 2207 and the track position 
controller 2208, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 

30 a light spot on the optical disk 1, whereby a recording 
mark is formed in accordance with a waveform- of emitted 
light (Step 603). 
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After the continuous recording of the land track 
and the groove track is completed, output light from the 
semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
5 reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land -groove continu~ 
ous recording/reproduction unit 2206 to the track posi- 
tion controller 2208, and a signal 2210 which is varied 
depending upon the presence of the recording mark on the 

10 optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 2210 is subjected to reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 

15 and a signal 2211 is input to the reproduction signal 
quality detector 2204 ( Step 603 ) . 

The reproduction signal quality detector 2204 
detects a signal quality of the signal 2211, and a detec- 

20 tion result of the reproduction signal quality is input 
to the optimum tilt angle determination unit 2205. When 
the length of the reproduced land track is equal to or 
almost equal to that of the reproduced groove track, a 
reproduction signal quality detection result is an 

25 average reproduction signal quality result of the land 
track and the groove track. In other words, the 
reproduction signal quality detection result is an 
average reproduction signal quality result of the optical 
disk 1 when reproduction is performed at the above- 

30 mentioned tilt angle (Step 604). 

The reproduction signal quality detector 2204 de- 
tects, for example, a BER at which the recorded signal 
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has been reproduced. Figure 26B shows a relationship 
between the tangential tilt angle £ and the BER. 

In Figure 26B, the abscissa represents the 
5 tangential tilt angle, and the ordinate represents the 
BER. In general, under the same reproduction conditions, 
more accurate recording and reproduction are performed 
with a smaller BER. It is assumed that a detection 
result in which the BER becomes a threshold value or less 
10 is OK, and a detection result in which the BER exceeds 
the threshold value is NG. 

When the first result of the reproduction signal 
quality detector 2204 is NG, for example, (Step 604 no, 

15 Step 605 no), the optimum tilt angle determination 
unit 2205 sets a tangential tilt angle Increased to a 
plus side from the initial tangential tilt angle 
( Step 606 ) . When the first result of the reproduction 
signal quality detector 2204 is OK, for example, 

20 (Step 604 yes, Step 607 no), the optimum tilt angle 
determination unit 2205 sets a tangential tilt angle 
decreased to a minus side from the initial tangential 
tilt angle ( Step 608 ) . Continuous recording and continu- 
ous reproduction of the land track and the groove track 

25 at the set tangential tilt angle are performed in the 
same way as described above ( Step 603 ) . 

When the first result of the reproduction signal 
quality detector 2204 is NG, and the second result 
30 thereof is OK (Step 604 yes. Step 607 yes), the optimum 
tilt angle determination unit 2205 stores an average tilt 
angle of the current tangential tilt angle and the 
previous tangential tilt angle as a minus side limit 
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value of the tangential tilt angle (Step 609). 

When the first result of the reproduction signal 
quality detector 2204 is OK, and the second result 
5 thereof is NG (Step 604 no, Step 605 yes), the optimum 
tilt angle determination unit 2205 stores an average tilt 
angle of the current tangential tilt angle and the 
previous tangential tilt angle as a minus side limit 
value of the tangential tilt angle ( Step 609 ) . 

10 

When the first result of the reproduction signal 
quality detector 2204 is OK, and the second result 
thereof is OK, the optimum tilt angle determination 
unit 2205 sets a tilt angle which is further decreased to 

15 the minus side than the tangential tilt angle recorded 
and reproduced at the second time, and continuous record- 
ing and continuous reproduction of the land track and the 
groove track are performed at the set tangential tilt 
angle, whereby a reproduction signal quality is detected. 

20 When the third result of the reproduction signal quality 
detector 2204 is NG, the optimum tilt angle determination 
unit 2205 stores an average tangential tilt angle of the 
current tangential tilt angle and the previous tangential 
tilt angle as the minus side limit value of the tangen- 

25 tial tilt angle. 

A plus side limit value is obtained in a similar 
procedure to that of the minus side limit value in 
accordance with each of Steps 610 to 617- More 
30 specifically, every time the result of the reproduction 
signal quality detector 2204 is OK, the tangential tilt 
angle is gradually increased to the plus side. When the 
result of the reproduction signal quality detector 2204 
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becomes NG, the optimum -tilt angle determination 
unit 2205 stores an average tangential tilt angle of the 
current tangential tilt angle and the previous tangential 
tilt angle as a plus side limit value. 

5 

The optimum tilt angle determination unit 2205 
determines an average value of the minus side limit value 
and the plus side limit value, for example, as the 
optimum tangential tilt angle ( Step 618 ) . The tilt 
10 position setting unit 2209 sets the optimum tangential 
tilt angle. 

When the minus side limit value and the plus side 
limit value ore obtained, the initial value of the 

15 tangential tilt angle for obtaining the plus side limit 
value is prescribed to be a plus side from that of the 
tangential tilt angle for obtaining the lower limit val- 
ue. More specifically, by starting from the values close 
to the respective limit values, with the initial value of 

20 the tangential tilt angle for obtaining the minus side 
limit value being different from the initial value of the 
tangential tilt angle for obtaining the plus side limit 
value, a tangential tilt angle is optimized in a short 
period of time. 

25 

In the present embodiment, an average value of 
the minus side limit value and the plus side limit value 
is determined as an optimum tangential tilt angle. 
However, in the case where an effective tangential tilt 
30 angle is likely to shift further to a minus side than the 

set tangential tilt angle, for example, due to the 
warpage and tracking offset of a disk, a value which 
divides the minus side limit value and the plus side 



- 89 - 



P16201 



limit value, for example, in a ratio of 2:1 may be deter- 
mined as the optimum tangential tilt angle. By determin- 
ing the value which divides the minus side limit value 
and the plus side limit value in a ratio of 2:1 as the 
5 optimum tangential tilt angle, a tolerance for the minus 
side tangential tilt angle side becomes large. 

The reproduction signal quality detector 2204 may 
be designed in such a manner that it detects a BER at 

10 which a recorded signal has been reproduced, and does not 
count errors generated continuously at a predetermined 
time or times. Thus, even when an area with a recording 
defect such as a scratch is locally present, the effect 
thereof can be eliminated, and an optimum tangential tilt 

15 angle can be determined more accurately. 

Furthermore, the reproduction signal quality 
detector 2204 is designed to detect a BER at which a 
recorded signal has been reproduced. However, the 
20 reproduction signal quality detector 2204 may detect a 
bit error rats, for example, as long as a reproduction 
signal quality can be detected. 

Furthermore, in the present embodiment, one land 
25 track and one groove track are continuously recorded and 
continuously reproduced. However, in an optical disk 
apparatus which performs recording, for example, on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
30 Figure 7. 

In the case where recording is performed on a 
block basis, a movement path of a light spot on the 
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optical disk 1 may be as described with reference to 
Figure 8. 

In the case where recording is performed on a 
sector basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 9. 

If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a 
waiting time for rotation will be shortened, compared 
with the case where one groove track and one land track 
are continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed by 
a decrease in area which is continuously recorded at any 
one time . 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
reproduced. However, two or more land tracks and two or 
more groove tracks may be continuously recorded and 
reproduced. By continuously recording and reproducing 
two or more tracks, the variation of the tracks is 
absorbed, and optimum tilt angle can be determined more 
accurately. 

Similarly, even in the case where recording is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both the 
tracks, the variation of the blocks is absorbed, and an 
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optimum tilt angle can be determined more accurately. 

Furthermore, if the worst value of a block 
detected by the reproduction signal quality detector 2204 
is not adopted when two or more blocks are continuously 
recorded and reproduced, even when a block with a record- 
ing defect such as a scratch is present, the block can be 
eliminated. Thus, an optimum tilt angle can be deter- 
mined more accurately. 

Similarly, even in the case where recording is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both the 
tracks, the variation of the sectors is absorbed, and an 
optimum tilt angle can be determined more accurately. 

Furthermore, if the worst value of a sector 
detected by the reproduction signal quality detector 2204 
is not adopted when two or more sectors are continuously 
recorded and reproduced, even when a sector with a 
recording defect such as a scratch is present, the sector 
can be eliminated. Thus, an optimum tilt angle can be 
determined more accurately. 

Embodiment 5 

The fifth embodiment is different from the fourth 
embodiment in the steps of obtaining a tilt angle. 

Figure 28 shows a structure of a phase-change 
type optical disk apparatus in the fifth embodiment of 
the present invention. In Figure 28, reference numeral 1 
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denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 3174 denotes a land -groove 
reproduction signal quality detector, 3175 denotes an 
optimum tilt angle determination unit, 3176 denotes a 
land -groove continuous recording/reproduction unit, 3177 
denotes a tilt angle controller, 3178 denotes a track 
position controller, and 3179 denotes a tilt angle 
setting unit. 

The optical disk 1 is as described with reference 
to Figure 3 . 

Figure 29 is a flow chart showing process steps 
of an optical disk apparatus of the present embodiment. 
A procedure for obtaining a tilt angle will be described 
with reference to the flow chart. 

In an optical disk apparatus, tilt angles to be 
determined include at least a radial tilt angle and a 
tangential tilt angle. In the present embodiment, first, 
a method for determining the radial tilt angle will be 
described, and a method for determining a tangential tilt 
angle will be described later. 

The optical disk 1 is loaded in an optical disk 
apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
setting an optimum tilt angle by the track position 
controller 3178 (Step 701). 

Initial values of the radial tilt angle and the 
tangential tilt angle are set in the tilt angle control- 
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ler 3177 by the tilt angle setting unit 3179 (Step 702). 
At this time, a tilt angle for recording the land track 
is identical with a tilt angle for recording the groove 
track . 

Subsequently, a control signal for continuously 
recording one land track and one groove -track from a 
predetermined position is transmitted from the 
land «groove continuous recording/reproduction unit 3176 
to the tilt angle controller 3177 and the track position 
controller 3178, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 
mark is formed in accordance with a waveform of emitted 
light ( Step 703 ) . 

After the continuous recording of the land track 
and the groove track is completed, output light from the 
semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land*groove continu- 
ous recording/reproduction unit 3176 to the track posi- 
tion controller 3178, and a signal 3110 which is varied 
depending upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 3110 is subjected to reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 3111 is input to the land* groove reproduc- 
tion signal quality detector 3174 (Step 703). 
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The land* groove reproduction signal quality 
detector 3174 detects a signal quality of the signal 3111 
for the land track and the groove track, separately, and 
a detection result of the reproduction signal quality is 
5 input to the optimum tilt angle determination unit 3175 
(Step 704). 

For example, when BERs are not NG for both the 
land track and the groove track, as a detection result of 
the reproduction signal quality detector 3174 (Step 705 
no), the optimum tilt angle determination unit 3175 sets 
a radial tilt angle at which BERs become OK for both the 
land track and the groove track as an initial radial tilt 
angle (Step 706). While the radial tilt angle is gradu- 
ally decreased to a minus side, continuous recording and 
continuous reproduction of the land track and the groove 
track are performed at each time, and results of the 
land* groove reproduction signal quality detector 3174 at 
the respective radial tilt angles are stored. When BERs 
become NG for both the land track and the groove track 
(Step 705 yes), an average radial tilt angle of a minimum 
radial tilt angle at which the BER is OK and a maximum 
radial tilt angle at which the BER is NG is obtained for 
the land track and the groove track, respectively, and 
each average radial tilt angle is stored as a minus side 
limit value of the radial tilt angle (Step 707). 

A plus side limit value is obtained in a similar 
procedure to that of the minus side limit value in 
30 accordance with each of Steps 708 to 713. More 
specifically, the optimum tilt angle determination 
unit 3175 sets a radial tilt angle at which BERs become 
OK for both the land track and the groove track as an 



10 



15 



20 



25 



- 95 - 



P16201 



initial radial tilt angle (Step 708). While the radial 
tilt angle is gradually increased to the plus side, 
continuous recording and continuous reproduction o£ the 
land track and the groove track are performed at each 
5 time. When BERs become NG for both the land track and 
the groove track as a result of the land* groove 
reproduction signal quality detector 3174 (Step 711 yes), 
an average radial tilt angle of a maximum radial tilt 
angle at which the BER is OK and a minimum radial tilt 
10 angle at which the BER is NG is obtained for the land 
track and the groove track, respectively, and each 
average radial tilt angle is stored as a plus side limit 
value of the average radial tilt angle ( Step 713 ) . 

15 The optimum tilt angle determination unit 3175 

determines, for example, an average value of the minus 
side limit value and the plus side limit value as an 
optimum radial tilt angle ( Step 714 ) . 

20 When the minus side limit value and the plus side 

limit value are obtained, the initial value of the radial 
tilt angle for obtaining the plus side limit value is 
prescribed to be a plus side from that of the radial tilt 
angle for obtaining the minus side limit value. More 

25 specifically, by starting from the values close to the 
respective limit values, with the initial value of the 
radial tilt angle for obtaining the minus side limit 
value being different from the initial value of the 
radial tilt angle for obtaining the plus side limit 

30 value, a radial tilt angle is optimized in a short period 
of time. 



In the present embodiment, an average value of 
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the minus side limit value and the plus side limit value 
is determined as an optimum radial tilt angle. However, 
in the case where an effective radial tilt angle is 
likely to shift further to minus side than the set 
optimum radial tilt angle, for example, due to the 
warpage and/or tilt of a disk, a value which divides the 
minus side limit value and the plus side limit value, for 
example, in a ratio of 2:1 may be determined as the 
optimum radial tilt angle. By determining the value 
which divides the minus side limit value and the plus 
side limit value in a ratio of 2:1 as the optimum radial 
tilt angle, a tolerance for the minus side radial angle 
side becomes large. 

In the present embodiment, a movement path of a 
light spot on the optical disk 1 is similar to that of 
the first embodiment, which has been described with 
reference to Figure 3. 

In the present embodiment, recording and 
reproduction of the land track and the groove track are 
continuously performed. Therefore, it takes less time, 
compared with the case where optimum radial angles are 
obtained for the land track and the groove track, sepa- 
rately, and the obtained radial tilt angles are averaged. 

For example, when a land track is recorded once 
and- a groove track is recorded once in order to obtain an 
optimum radial tilt angle, in the case where the land 
track and the groove track are continuously recorded and 
reproduced as in the present embodiment, a time corre- 
sponding to 5 rotations in total is required (i.e., 2 
rotations for recording, one rotation for waiting for 
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reproduction, and 2 rotations for reproduction). 

On the other hand, in a conventional apparatus, 
optimum radial tilt angles are obtained for a land track 
and a groove track, separately, so that a time 
corresponding to 3 rotations in total is required for the 
land track (i.e., one rotation for recording, one rota- 
tion for waiting for reproduction, and one rotation for 
reproduction) . Furthermore, the same amount of time is 
required for the groove track. Thus, a time correspond- 
ing to 6 rotations in total is required. 

Assuming that the land track and the. groove track 
are recorded at 4 kinds of radial tilt angles so as to 
obtain an optimum radial tilt angle, a time corresponding 
to 20 (5 x 4) rotations is required in the present 
embodiment, whereas a time corresponding to 24 (6 x 4) 
rotations is required in the conventional apparatus. 
Thus, a waiting time for rotation is shortened in the 
present embodiment. 

As described above, in the optical disk apparatus 
of the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum radial 
tilt angle, whereby an optimum radial tilt angle can be 
determined in a short period of time, shortening a 
waiting time for rotation. 

Next, a procedure for obtaining a tangential tilt 
angle p will be described with reference to a< flow chart 
of Figure 30. 
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In "the present embodiment, in order to obtain an 
optimum value of a tangential tilt angle p, a minus side 
limit value and a plus side limit value of the tangential 
tilt angle are obtained, and thereafter, an optimum value 
between the minus side limit value and the plus side 
limit value is obtained by computation. 

First, the optical head 2 is moved to an area for 
setting an optimum tangential tilt angle (Step 801). 
Then, the tilt angle setting unit 3179 sets initial 
values of a radial tilt angle and a tangential tilt angle 
for obtaining, for example, a minus side limit value of 
the tangential tilt angle (Step 802). At this time, a 
tangential tilt angle for recording a land track is 
identical with a tangential tilt angle for recording a 
groove track . 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 
land* groove continuous recording/reproduction unit 3176 
to the tilt angle controller 3177 and the track position 
controller 3178, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 
mark Is formed in accordance with a waveform of emitted 
light ( Step 803 ) . 

After the continuous recording of the land track 
and the groove track is completed, output light from the 
semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
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reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land* groove continu- 
ous recording/reproduction unit 3176 to the track posi- 
tion controller 3178, and a signal 3110 which is varied 
depending upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 3110 is subjected to reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 3111 is input to the land- groove reproduc- 
tion signal quality detector 3174 (Step 803). 



The land 'groove reproduction signal quality 
detector 3174 detects a signal quality of the sig- 
nal 3111, and a detection result of the reproduction 
signal quality is input to the optimum tilt angle 
determination unit 3175 (Step 804). 



For example, when bers are OK for both the land 
track and the groove track, as a detection result of the 
reproduction signal quality detector 3174 (Step 805, no), 
the optimum tilt angle determination unit 3175 sets a 
tangential tilt angle at which BERs become OK for both 
the land track and the groove track as an initial 
tangential tilt angle (Step 806). While the tangential 
tilt angle is gradually decreased to a minus side, 
continuous recording and continuous reproduction of the 
land track and the groove track are performed at each 
time, and results of the land -groove reproduction signal 
quality detector 3174 at the respective tangential tilt 
angles are stored. When BERs become NG for both the land 
track and the groove track (Step 805 yes), an average 
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■tangential tilt: angle of a minimum tangential tilt angle 
at which the BER is OK and a maximum tangential tilt 
angle at which the BER is NG is obtained for the land 
track and the groove track, respectively, and each 
average tangential tilt angle is stored as a minus side 
limit value of the tangential tilt angle (Step 807). 

A plus side limit value is obtained in a similar 
procedure to that of the minus side limit value in 
accordance with each of Steps 808 to 813. More 
specifically, the optimum tilt angle determination 
unit 3175 sets a tangential tilt angle at which BERs 
become OK for both the land track and the groove track as 
an initial tangential tilt angle ( Step 808 ) . While the 
tangential tilt angle is gradually increased to the plus 
side, continuous recording and continuous reproduction of 
the land track and the groove track are performed at each 
time. When BERs become NG for both the land track and 
the groove track as a result of the land -groove 
reproduction signal quality detector 3174 (Step 811 yes), 
an average tangential tilt angle of a maximum tangential 
tilt angle at which the BER is OK and a minimum tangen- 
tial tilt angle at which the BER is NG is obtained for 
the land track and the groove track, respectively, and 
each average tangential tilt angle is stored as a plus 
side limit value of the tangential tilt angle ( Step 813 ) . 

The optimum tilt angle determination unit 3175 
determines, for example, an average value of the minus 
side limit value and the plus side limit value as an 
optimum tangential tilt angle, for the land track and the 
groove track, respectively (Step 814). 
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When -the minus side limit value and the plus side 
limit value are obtained, the initial value of the 
tangential tilt angle for obtaining the plus side limit 
value is prescribed to be a plus side from that of the 
tangential tilt angle for obtaining the minus side limit 
value. More specifically, by starting from the values 
close to the respective limit values, with the initial 
value of the tangential tilt angle for obtaining the 
minus side limit value being different from the initial 
value of the tangential tilt angle for obtaining the plus 
side limit value, a tangential tilt angle is optimized in 
a short period of time. 

In the present embodiment, an average value of 
the minus side limit value and the plus side limit value 
is determined as an optimum tangential tilt angle. 
However, in the case where an effective tangential tilt 
angle is likely to shift further to a minus side than the 
set optimum tangential tilt angle, for example, due to 
the warpage and/or tilt of a disk, a value which divides 
the minus side limit value and the plus side limit value, 
for example, in a ratio of 2:1 may be determined as the 
optimum tangential tilt angle. By determining the value 
which divides the minus side limit value and the plus 
side limit value in a ratio of 2:1 as the optimum 
tangential tilt angle, a tolerance for the minus side 
tangential tilt angle side becomes large. 

The land »groove reproduction signal quality 
detector 3174 may be designed in such a manner that it 
detects a BER at which a recorded signal has been repro- 
duced, and does not count errors generated continuously 
at a predetermined time or times. Thus, even when an 
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area with a recording defect such as a scratch is locally 
present, the effect thereof can be eliminated, and an 
optimum tangential tilt angle can be determined more 
accurately. 

Furthermore, -the land* groove reproduction signal 
quality detector 3174 is designed to detect a BER at 
which a recorded signal has been reproduced. However, 
the land- groove reproduction signal quality detector 3174 
may detect a bit error rate, for example, as long as a 
reproduction signal quality can be detected. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
continuously reproduced. However, in an optical disk 
apparatus which performs recording, for example, on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 7. 

in the case where recording is performed on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 8. 

In the case where recording is performed on a 
sector basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 9 . 

If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a 
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waiting time for rotation will be shortened, compared 
with the case where one groove track and one land track 
are continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed by 
a decrease in area which is continuously recorded at any 
one time. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
reproduced. However, two or more land tracks and two or 
more groove tracks may be continuously recorded and 
reproduced. By continuously recording and reproducing 
two or more tracks, the variation of the tracks is 
absorbed, and optimum tangential tilt angle can be 
determined more accurately. 

Similarly, even in the case where recording is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both the 
tracks, the variation of the blocks is absorbed, and an 
optimum tangential tilt angle can be determined more 
accurately . 

Furthermore, if the worst value of a block 
detected by the land • groove reproduction signal quality 
detector 3174 is not adopted when two or more blocks are 
continuously recorded and reproduced, even when a block 
with a recording defect such as a scratch is present, the 
block can be eliminated. Thus, an optimum . tangential 
tilt angle can be determined more accurately. 
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Similarly, even in the case where recording is 
performed on e sector basis, "two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both the 
tracks, the variation of the sectors is absorbed, and an 
optimum tangential tilt angle can be determined more 
accurately . 

Furthermore, if the worst value of a sector 
detected by the land -groove reproduction signal quality 
detector 3174 is not adopted when two or more sectors are 
continuously recorded and reproduced, even when a sector 
with a recording defect such as a scratch is present, the 
sector can be eliminated. Thus, an optimum tangential 
tilt angle can be determined more accurately. 

In the fourth and fifth embodiments of the 
present invention, in order to detect a reproduction 
signal quality by the reproduction signal detectors 2204 
and 3174, a detection method based on a BER has been 
illustrated. Alternatively, the following other detec- 
tion methods may be used. 

As an example of the detection method, a method 
for detecting a jitter will be exemplified. Figure 31A 
shows a relationship between the radial tilt angle and 
the' jitter. In this figure, the abscissa represents the 
radial tilt angle, and the ordinate represents the 
jitter. Figure 31B shows a relationship between the 
tangential tilt angle and the jitter. In this figure, 
the abscissa represents the tangential tilt angle, and 
the ordinate represents the jitter. 
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The jitter refers to a time shift between a 
reproduction signal and an original signal. The jitter 
occurs due to a decrease in a reproduction signal ampli- 
tude, etc. caused by an aberration of a spot of a laser 
beam ascribed to a tilt and decreases with an increase in 
a reproduction signal amplitude. The jitter amount 
becomes almost constant when the reproduction signal 
amplitude is saturated. Generally, more accurate record- 
ing is performed as the jitter becomes smaller, under the 
same reproduction conditions. It is assumed that a 
detection result in which the jitter becomes equal to or 
lower than a threshold value is OK, and a detection 
result in which the jitter exceeds a threshold value is 
NG. 

The jitter can be detected as an average value in 
a measurement interval, and does not change enormously 
even when an area with a recording defect such as a 
scratch is locally present. Thus, the jitter can suit- 
ably be used for determining an optimum tilt angle. 

As another example of the detection method, a 
method for detecting resolution will be described. 
Figure 32A shows a relationship between the radial angle 
and the resolution. In this figure, the abscissa repre- 
sents the radial tilt angle, and the ordinate represents 
the resolution. Figure 32B shows a relationship between 
the- tangential tilt angle and the resolution. The 
abscissa represents the tangential tilt angle, and the 
ordinate represents the resolution. 

The resolution refers to a ratio between an 
amplitude of a reproduction signal in the shortest period 
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and an amplitude of a reproduction signal in the longest 
period, as shown in Figure 16. Generally, more accurate 
recording is performed as the resolution becomes larger, 
under the same reproduction conditions. It is assumed 
5 that a detection result in which the resolution becomes 
equal to or higher than a threshold value is OK, and a 
detection result in which the resolution becomes lower 
than a threshold value is NG. 

The resolution can be detected as an average 
value in a measurement interval, and does not change 
enormously even when an area with a recording defect such 
as a scratch is locally present. Thus, the resolution 
can suitably be used for determining an optimum tilt 
angle . 

As another example of the detection method, a 
method for detecting modulation will be described. 
Figure 33A shows a relationship between the radial tilt 
angle and the modulation. in this figure, the abscissa 
represents the radial tilt angle, and the ordinate 
represents the modulation. Figure 33B shows a 

relationship between the tangential tilt angle and the 
modulation. The abscissa represents the tangential tilt 
angle, and the ordinate represents the modulation. 

The modulation refers to a ratio between an AC 
component and a DC component in a reproduction signal in 
a time interval, as shown in Figure 18. Generally, more 
30 accurate recording is performed as the modulation becomes 
larger, under the same reproduction conditions. it is 
assumed that a detection result in whioh the modulation 
becomes equal to or higher than a threshold value is OK, 
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and a detection result in which the modulation becomes 
lower than a threshold value is NG. 

The modulation can be detected as an average 
value in a measurement interval, and does not change 
enormously even when an area with a recording defect such 
as a scratch is locally present. Thus, the modulation 
can suitably be used for determining an optimum tilt 
angle. 

As another example of the detection method, a 
method for detecting symmetry will be described. Fig- 
ure 34A shows a relationship between the radial angle and 
the symmetry. In this figure, the abscissa represents 
the radial tilt angle, and the ordinate represents the 
symmetry. Figure 34B shows a relationship between the 
tangential tilt angle and the symmetry. The abscissa 
represents the tangential tilt angle, and the ordinate 
represents the symmetry. 

The symmetry refers to a value which shows a 
secondary harmonic component of a reproduction signal, as 
shown in Figure 35. The symmetry occurs due to a shift 
of a shape of a recording mark from a desired shape, 
caused by an aberration of a spot of a laser beam as- 
cribed to a tilt. Generally, more accurate recording is 
performed as the symmetry becomes smaller, under the same 
reproduction conditions, it is assumed that a detection 
result in which an absolute value of the symmetry becomes 
equal to or higher than a threshold value is NG, and a 
detection result in which an absolute value of the 
symmetry becomes lower than a threshold value is OK. 



- 108 - 



P16201 



The symmetry can be detected as an average value 
in a measurement interval, and does not change enormously 
even when an area with a recording defect such as a 
scratch is locally present. Thus, the symmetry can 
suitably be used for determining an optimum tilt angle. 

As another example of the detection method, a 
method for detecting CN will be described. Figure 36A 
shows a relationship between the radial tilt angle and 
the CN. In this figure, the abscissa represents the 
radial tilt angle, and the ordinate represents the CN. 
Figure 36B shows a relationship between the tangential 
tilt angle and the CN. The abscissa represents the 
tangential tilt angle, and the ordinate represents the 
CN. 

The CN refers to a ratio between a signal compo- 
nent and a noise of a reproduction signal at a particular 
frequency. Generally, more accurate recording is per- 
formed as the CN becomes larger, under the same reproduc- 
tion conditions. It is assumed that a detection result 
in which the CN becomes equal to or higher than a thresh- 
old value is OK, and a detection result in which the CN 
becomes lower than a threshold value is NG. 

The CN can be detected as an average value in a 
measurement interval, and does not change enormously even 
when an area with a recording defect such as a scratch is 
locally present. Thus, the CN can suitably be used for 
determining an optimum tilt angle. 

In the fourth and fifth embodiments of the 
present invention, when an optimum radial tilt angle is 
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determined, recording and reproduction are performed by 
changing only a radial tilt angle under the condition 
that a tangential tilt angle is fixed. However, the 
radial tilt angle and the tangential tilt angle may be 
changed simultaneously without fixing the tangential tilt 
angle (e.g., a ratio between the radial tilt angle and 
the tangential tilt angle is prescribed to be constant ) . 

Similarly, in the fourth and fifth embodiments of 
the present invention, when an optimum tangential tilt 
angle is determined, recording and reproduction are 
performed by changing only a tangential tilt angle under 
the condition that a radial tilt angle is fixed. Howev- 
er, the radial tilt angle and the tangential tilt angle 
may be changed simultaneously without fixing the radial 
tilt angle (e.g., a ratio between the radial tilt angle 
and the tangential tilt angle is prescribed to be con- 
stant ) . 

For example, in the case where a shift occurs in 
a light-emission wavelength due to the difference in 
laser power between recording and reproduction, which 
causes a difference in chromatic aberration, both a 
radial tilt angle and a tangential tilt angle are tilted 
to a plus side or a minus side from a presumed tilt 
angle. Therefore, when an optimum tilt angle is deter- 
mined, a radial tilt angle and a tangential tilt angle 
are' simultaneously changed, whereby a more practical 
optimum tilt angle can be determined. 

In the fourth and fifth embodiments, prior to 
setting the optimum radial tilt angle and the optimum 
tangential tilt angle, the optical head 2 is moved to a 
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predetermined area. This area is an outermost area la of 
the optical disk 1, for example, as shown in Figure 22A. 
However, when the optical disk 1 is warped or when the 
optical disk 1 is not properly placed in an apparatus , 
5 the optimum radial tilt angle and the optimum tangential 
tilt angle obtained in the outermost area la of the 
optical disk 1 are not necessarily optimum for an inner 
track portion of the optical disk 1. More specifically, 
the optimum radial tilt angle and the optimum tangential 

10 tilt angle may be different between the outer track 
portion and the inner track portion of the optical 
disk 1. Therefore, in a plurality of places on the 
optical disk 1 (e.g., in an outermost track and an 
innermost track of the optical disk 1), an optimum radial 

15 tilt angle and an optimum tangential tilt angle are ob- 
tained, and a supplementary curve connecting the optimum 
tilt angle points in the outermost track and in the 
innermost track as shown in Figure 22C is formed for the 
optimum radial tilt angle and the optimum tangential tilt 

20 angle, separately. When the optical disk 1 is recorded 

and reproduced, an optimum radial tilt angle and an 
optimum tangential tilt angle may be set, respectively, 
in accordance with a recording position and a reproduc- 
tion position of the optical disk 1 based on the supple - 

25 mentary curve connecting the optimum tilt angle points in 
the outermost track and the innermost track. 

Embodiment 6 

In the sixth embodiment, an intensity (i.e., 
30 power) of output light from a semiconductor laser, which 
is common to a land track and a groove track of an 
optical disk is set. 
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Figure 37 shows a structure of a phase-change 
type optical disk apparatus in the sixth embodiment of 
the present invention. In Figure 37, reference numeral 1 
denotes an optical disk, 2 denotes an optical head, 3 
5 denotes a reproduction system, 3504 denotes a reproduc- 
tion signal quality detector, 3505 denotes an optimum 
recording power determination unit, 3506 denotes a 
land -groove continuous recording/ reproduction unit, 3507 
denotes a laser driving circuit, 3508 denotes a track 
10 position controller, and 3509 denotes a recording power 
setting unit. 

The optical disk 1 is as described with reference 
to Figure 3. 

15 

Figure 38 shows an intensity (i.e., three kinds 
of power; a reproduction power, a bias power, and a peak 
power) of a laser beam from a semiconductor loser of the 
optical head 2, and a recording state (i.e., an erased 
20 mark and a recorded mark) of a track of the optical 
disk 1 obtained by using these powers. 

The intensity of a laser beam from the semicon- 
ductor laser of the optical head 2 can be adjusted by the 
25 laser driving circuit 3507. 

Figure 39 is a flow chart showing process steps 
of an optical disk apparatus -of the present embodiment. 
A procedure for obtaining a power of a laser beam will be 
30 described with reference to the flow chart. 

In a phase-change type optical disk apparatus, 
powers to be determined include at least a peak power and 
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a bias power. In the present embodiment, first, a method 
for determining a peak power will be described, and a 
method for determining a bias power will be described 
later. 

5 

The optical disk 1 is loaded in an optical disk 
apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
10 setting an optimum irradiation power by the track posi- 
tion controller 3508 (Step 901). It is assumed that this 
area is a recording area other than a user area provided 
in an innermost track or an outermost track of the 
optical disk 1 in which a user records data. 

15 

Initial values of the peak power and the bias 
power are set in the laser driving circuit 3507 by the 
recording power setting unit 3509 (Step 902). At this 
time, a power for recording the land track is identical 
20 with a power for recording the groove track. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 

25 land -groove continuous recording/reproduction unit 3506 
to the laser driving circuit 3507 and the track position 
controller 3508, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 

30 a light spot on the optical disk 1, whereby a recording 
mark is formed in accordance with a waveform' of emitted 
light (Step 903). 
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After the corvtinuous recording of "the land track 
and the groove track is completed, output light from the 
semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land* groove continu- 
ous recording/ reproduction unit 3506 to the track posi- 
tion controller 3508, and a signal 3510 which is varied 
depending upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 3510 is subjected to reproduction 
signal processing such as amplification, waveform equal~ 
ization, and digitization at the reproduction system 3, 
and a signal 3511 is input to the reproduction, signal 
quality detector 3504 (Step 903). 

The reproduction signal quality detector 3504 
detects a signal quality of the signal 3511, and a detec- 
tion result of the reproduction signal quality is input 
to the optimum recording power determination unit 3505 
(Step 904). When the length of the reproduced land track 
is equal to or almost equal to that of the reproduced 
groove track, a reproduction signal quality detection 
result is an average reproduction signal quality result 
of the land track and the groove track. In other words, 
the reproduction signal quality detection result is an 
average reproduction signal quality result of the optical 
disk 1 when recording is performed at the above-mentioned 
power ( Step 904 ) . 

The reproduction signal quality detector 3504 de- 
tects, for example, a BER at which the recorded signal 
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has been reproduced. Figure 40A shows a relationship 
between the peak power and the BER. 

In Figure 40A, the abscissa represents the peak 
power, and the ordinate represents the ber. In general, 
under the same reproduction conditions, more accurate 
recording and reproduction are performed with a smaller 
BER. It is assumed that a detection result in which the 
BER becomes a threshold value or less is OK, and a 
detection result in which the BER exceeds the threshold 
value is NG. 

When the first result of the reproduction signal 
quality detector 3504 is NG, for example, (Step 904 no, 
Step 905 no), the optimum recording power determination 
unit 3505 sets a peak power larger than the initial power 
( Step 906 ) . When the first result of the reproduction 
signal quality detector 3504 is OK, for example, 
(Step 904 yes, Step 907 no), the optimum recording power 
determination unit 3505 sets a peak power smaller than 
the initial power ( Step 908 ) . Continuous recording and 
continuous reproduction of the land track and the groove 
track at the set peak power are performed in the same way 
as described above ( Step 903 ) . 

When the first result of the reproduction signal 
quality detector 3504 is NG, and the second result 
thereof is OK (Step 904 yes, Step 907 yes), the optimum 
recording power determination unit 3505 determines a 
power obtained by adding a predetermined margin to an 
average power of the current peak power and the previous 
peak power as an optimum peak power (Step 909 and 910). 
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When the first result of the reproduction signal 
quality detector 3504 is OK, and the second result 
thereof is NG (Step 904 no, Step 905 yes), the optimum 
recording power determination unit 3505 determines a 
5 power obtained by adding a predetermined margin to an 
average power of the current peak power and the previous 
peak power as an optimum peak power (Steps 909 and. 910). 

When the first result of the reproduction signal 
10 quality detector 3504 is OK, and the second result 
thereof is OK, the optimum recording power determination 
unit 3505 sets a power smaller than the peak power used 
during the second recording, and continuous recording and 
continuous reproduction of the land track end the groove 
15 track are performed at "the set peak power, whereby a 
reproduction signal quality is detected. When the third 
result of the reproduction signal quality detector 3504 
is NG, the optimum recording power determination 
unit 3505 determines a power obtained by adding a 
20 predetermined margin to an average power of the current 
peak power and the previous peak power as an optimum peak 
power ( Steps 909 and 910 ) . The recording power setting 
unit 3509 selects the optimum peak power when data is 
recorded . 

25 

In the present embodiment, a movement path of a 
light spot on the optical disk 1 is similar to that of 
the- first embodiment, which has been described with 
reference to Figure 3. 

30 

As described above, in order to obtain an optimum 
peak power, the land track and the groove track are 
recorded and reproduced by an equal or almost equal 
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length, whereby an average characteristic of the land 
track and the groove track is obtained as an optimum peak 
power, and an optimum peak power suitable for the land 
track and the groove track is determined. 

5 

Furthermore, in the present embodiment, recording 
and reproduction of the land track and the groove track 
are continuously performed. Therefore, it takes less 
time, compared with the case where optimum peak powers 
10 are obtained for the land track and the groove track, 
separately, and the obtained peak powers are averaged. 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain an 

15 optimum peak power, in the case where the land track and 
the groove track are continuously recorded and reproduced 
as in the present embodiment, a time corresponding to 5 
rotations in total is required (i.e., 2 rotations for 
recording, one rotation for waiting for reproduction, and 

20 2 rotations for reproduction) . 

On the other hand, in a conventional apparatus, 
optimum peak powers are obtained for a land track and a 
groove track, separately, so that a time corresponding to 

25 3 rotations in total is required for the land track 
(i.e., one rotation for recording, one rotation for 
waiting for reproduction, and one rotation for reproduc- 
tion). Furthermore, the same amount of time is required 
for the groove track. Thus, a time corresponding to 6 

30 rotations in total is required. 

Assuming that the land track and the groove track 
are recorded at 4 levels of peak powers so as to obtain 
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an optimum peak power, a time corresponding to 20 (5 x 4) 
rotations is required in the present embodiment, whereas 
a time corresponding to 24 (6 x 4) rotations is required 
in the conventional apparatus. Thus, a waiting time for 
5 rotation is shortened in the present embodiment. 

As described above, in the optical disk apparatus 
of the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
10 recording of data so as to determine an optimum recording 
power, whereby an optimum recording power for recording 
a user area can be determined in a short period of time, 
shortening a waiting time for rotation. 

15 Next, a procedure for determining a bias power 

will be described. A bias power has a narrower margin of 
power- at which user data can be recorded, compared with 
a peak power. For example, a margin of the peak power is 
about 6 mW (9 mW to 15 mW), whereas a margin of the bias 

20 power is about 3 mW (3 mW to 6 mW). 

In the present embodiment, in order to obtain an 
optimum value of a bias power, a lower limit value and an 
upper limit value of a bias power at which user data can 
25 be recorded is obtained, and thereafter, an optimum value 
between the lower limit value and the upper limit value 
is obtained by computation. 

A procedure for obtaining a bias power will be 
30 described with reference to a flow chart shown in Fig- 
ure 41 . 

The optical disk 1 is loaded in an optical disk 
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apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
setting an optimum irradiation power by the track posi- 
tion controller 3508 (Step 1001). 

Initial values of the peak power and the bias 
power are set in the laser driving circuit 3507 by the 
recording power setting unit 3509, for example, for 
obtaining a lower limit value of the bias power 
(Step 1002). At this time, a power for recording the 
land track is identical with a power for recording the 
groove track. 

Subsequently, a control signal for continuously 
.recording one land track and one groove track from a 
predetermined position is transmitted from the 
land -groove continuous recording/reproduction unit 3506 
to the laser driving circuit 3507 and the track position 
controller 3508, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 
mark is formed in accordance with a waveform of emitted 
light (Step 1003). 

After the continuous recording of the land track 
and- the groove track is completed, output light from the 
semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land 'groove continu- 
ous recording/reproduction unit 3506 to the track posi- 
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tion controller 3508, and a signal 3510 which is varied 
depending upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
5 reproduction signal 3510 is subjected to reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 3511 is input to the reproduction signal 
quality detector 3504 ( Step 1003 ) . 

10 

The reproduction signal quality detector 3504 
detects a signal quality of the signal 3511, and a detec- 
tion result of the reproduction signal quality is input 
to the optimum recording power determination unit 3505 

15 (Step 1004). When the length of the reproduced land 
track is equal to or almost equal to that of the repro- 
duced groove track, a reproduction signal quality detec- 
tion result is an average reproduction signal quality 
result of the land track and the groove track. In other 

20 words, the reproduction signal quality detection result 
is an average reproduction signal quality result of the 
optical disk 1 when recording is performed at the above- 
mentioned power ( Step 1004 ) . 

25 The reproduction signal quality detector 3504 de- 

tects, for example, a BER at which the recorded signal 
has been reproduced. Figure 40B shows a relationship 
between the bias power and the BER. 

30 in Figure 40B, the abscissa represents the bias 

power, and the ordinate represents the BER. In general, 
under the same reproduction conditions , more accurate 
recording and reproduction are performed with a smaller 
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BER. It is assumed that a detection result in which the 
BER becomes a threshold value or less is OK, and a 
detection result in which the BER exceeds the threshold 
value is NG. 

5 

When the first result of the reproduction signal 
quality detector 3504 is NG, for example, (Step 1004 no, 
Step 1005 no), the optimum recording power determination 
unit 3505 sets a bias power larger than the initial power 

10 (Step 1006). When the first result of the reproduction 
signal quality detector 3504 is OK, for example, 
(Step 1004 yes, Step 1007 no), the optimum recording 
power determination unit 3505 sets a bias power smaller 
than the initial power ( Step 1008 ) . Continuous recording 

15 and continuous reproduction of the land track and the 
groove track at the set bias power are performed in the 
same way as described above (Step 1003). 

When the first result of the reproduction signal 
20 quality detector 3504 is NG, and the second result 
thereof is OK (Step 1004 yes. Step 1007 yes), the optimum 
recording power determination unit 3505 stores an average 
power of the current bias power and the previous bias 
power as a lower limit value of the bias pow- 
25 er (Step 1009). 

When the first result of the reproduction signal 
quality detector 3504 is OK, and the second result 
thereof is NG (Step 1004 no, Step 1005 yes), the optimum 
30 recording power determination unit 3505 stores an average 
power of the current bias power and the previous bias 
power as a lower limit value of the bias power 
(Step 1009). 
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When the first result of the reproduction signal 
quality detector 3504 is OK, and the second result 
thereof is OK, the optimum recording power determination 
unit 3505 sets a power smaller than the bias power used 
5 during the second recording, and continuous recording and 
continuous reproduction of the land track and the groove 
track are performed at the set bias power, whereby a 
reproduction signal quality is detected. When the third 
result of the reproduction signal quality detector 3504 
10 is NG, the optimum recording power determination 
unit 3505 stores an average power of the current bias 
power and the previous bias power as a lower limit value 
of the bias power. 

15 An upper limit value of the bias power is ob- 

tained in a similar procedure to that of the lower limit 
value in accordance with each of Steps 1010 to 1017. 
More specifically, every time the result of the 
. reproduction signal quality detector 3504 is OK, the bias 

20 power is gradually increased. When the result of the 
reproduction signal quality detector 3504 becomes NG, the 
optimum recording power determination unit 3505 stores an 
average power of the current bias power and the previous 
bias power as an upper limit value of the bias power. 

25 

The optimum recording power determination 
unit 3505 determines an average value of the lower limit 
value and the upper limit value, for example, as the 
optimum bias power (Step 1018). The recording power 
30 setting unit 3509 selects the optimum bias power when 

data is erased and recorded. 



When the lower limi-t value and the upper limit 
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value are obtained, the initial value of the bias power 
for obtaining the upper limit value is prescribed to be 
higher than that of the bias power for obtaining the 
lower limit value. More specifically, by starting from 
the values close to the respective limit values, with the 
initial value of the bias power for obtaining the lower 
limit value being different from the initial value of the 
bias power for obtaining the upper limit value, a bias 
power is optimized in a short period of time. 

In the present embodiment, an average value of 
the lower limit value and the upper limit value is deter- 
mined as an optimum bias power. However, in the case 
where an effective power is likely to become much smaller 
than the set optimum power in an area of the optical 
disk 1 in which user data is actually recorded, for exam- 
ple, due to the warpage of a disk, a value which divides 
the lower limit value and the upper limit value, for 
example, in a ratio of 2:1 may be determined as the 
optimum power, By determining the value which divides 
the lower limit value and the upper limit value in a 
ratio of 2:1 as the optimum power, a tolerance for the 
low power side becomes large. 

The reproduction signal quality detector 3504 may 
be designed in such a manner that it detects a BER at 
which a recorded signal has been reproduced, and does not 
count errors generated continuously at a predetermined 
time or times. Thus, even when an area with a reproduc- 
tion defect such as a scratch is locally present, the 
effect thereof can be eliminated, and an optimum equaliz- 
er characteristic can be determined more accurately. 



- 123 - 



P16201 



Furthermore, the reproduction signal quality 
detector 3504 is designed to detect a BER at which a 
recorded signal has been reproduced- However, the 
reproduction signal quality detector 3504 may detect a 
5 bit error rate, for example, as long as a reproduction 
signal quality can be detected. 

As another example of the detection method, a 
method for detecting a jitter will be exemplified. 

10 Figure 42A shows a relationship between the peak power 
and the jitter. in this figure, the abscissa represents 
the peak power, and the ordinate represents the jitter. 
Figure 42b shows a relationship between the bias power 
and the jitter. In this figure, the abscissa represents 

15 the bias power, and the ordinate represents the jitter. 

The jitter refers to a time shift between a 
reproduction signal and an original signal. Generally, 
more accurate reproduction is performed as the jitter 
20 becomes smaller, under the same recording conditions. It 
is assumed that a detection result in which the jitter 
becomes equal to or lower than a threshold value is OK, 
and a detection result in which the jitter exceeds a 
threshold value is NG. 

25 

The jitter can be detected as an average value in 
a measurement interval, and does not change enormously 
even when an area with a recording defect such as a 
scratch is locally present. Thus, the jitter can suit- 
30 ably be used for determining an optical power. 

As another example of the detection method, a 
method for detecting resolution will be described. 
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Figure 43A shows a relationship between the peak power 
and the resolution. In this figure, the abscissa repre- 
sents the peak power, and the ordinate represents the 
resolution. Figure 43B shows a relationship between the 
5 bias power and the resolution. The abscissa represents 
the bias power, and the ordinate represents the resolu- 
tion. 



The resolution refers to a ratio between an 
10 amplitude of a reproduction signal in the shortest period 
and an amplitude of a reproduction signal in the longest 
period, as shown in Figure 16. Generally, more accurate 
recording is performed as the resolution becomes larger, 
under the same reproduction conditions. It is assumed 
15 that a detection result in which the resolution becomes 
equal to or higher than a threshold value is OK, and a 
detection result in which the resolution becomes lower 
than a threshold value is NG. 

20 The resolution can be detected as an average 

value in a measurement interval, and does not change 
enormously even when an area with a recording defect such 
as a scratch is locally present. Thus, the resolution 
can suitably be used for determining an optimum power. 

25 

As another example of the detection method, a 
method for detecting modulation will be described. 
Figure 44A shows a relationship between the peak power 
and the modulation. In this figure, the abscissa repre- 
30 sents the peak power, and the ordinate represents the 
modulation. Figure 44B shows a relationship between the 
bias power and the modulation. The abscissa represents 
the bias power, and the ordinate represents the modula- 
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tion. 

The modulation refers to a ratio between an AC 
component; and a DC component in a reproduction signal in 
a time interval, as shown in Figure 18. Generally, more 
accurate recording is performed as the modulation becomes 
larger, under the same reproduction conditions. It is 
assumed that a detection result in which the modulation 
becomes equal to or higher than a threshold value is OK, 
and a detection result in which the modulation becomes 
lower than a threshold value is NG. 

The modulation can be detected as an average 
value in a measurement interval, and does not change 
enormously even when an area with a recording defect such 
as a scratch is locally present. Thus, the modulation 
can suitably be used for determining an optimum power. 

As another example of the detection method, a 
method for detecting symmetry will be described. Fig- 
ure 45A shows a relationship between the peak power and 
the symmetry. In this figure, the abscissa represents 
the peak power, and the ordinate represents the symmetry. 
Figure 45B shows a relationship between the bias power 
and the symmetry. The abscissa represents the bias 
power, and the ordinate represents the symmetry. 

The symmetry refers to a value which shows a 
secondary harmonic component of a reproduction signal, as 
shown in Figure 46. The symmetry occurs due to a shift of 
a shape of a recording mark from a desired shape, caused 
by an insufficient irradiation power or an excessive 
irradiation power of a laser beam. Generally, more 
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accurate recording is performed as the symmetry becomes 
smaller, under the same reproduction conditions. It is 
assumed that a detection result in which an absolute 
value of the symmetry becomes equal to or higher than a 
5 threshold value is NG, and a detection result in which an 
absolute value of the symmetry becomes lower than a 
threshold value is OK. 



The symmetry can be detected as an average value 
in a measurement interval, and does not change enormously 
even when an area with a recording defect such as a 
scratch is locally present. Thus, the symmetry can 
suitably be used for determining an optimum power. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
continuously reproduced. However, in an optical disk 
apparatus which performs recording, for example, on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 7. 



In the case where recording is performed on a 

block basis, a movement path of a light spot on the 

optical disk 1 may be as described with reference to 
Figure 8. 

In the case where recording is performed on a 

sector basis, a movement path of a light spot on the 

optical disk 1 may be as described with reference to 
Figure 9 . 



If recording is performed on a sector basis, an 
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area to be continuously recorded and reproduced may be 
one track or less. Therefore, a waiting time for rota- 
tion will be shortened, compared with the case where one 
groove track and one land track are continuously recorded 
5 and reproduced. Furthermore, deterioration due to 
repeated recording can be delayed by a decrease in area 
which is continuously recorded at any one time. 

Furthermore, in the present embodiment, one land 
10 track and one groove track are continuously recorded and 
reproduced. However, two or more land tracks and two or 
more groove tracks may be continuously recorded and 
reproduced. By continuously recording and reproducing 
two or more tracks, the variation of the tracks is 
15 absorbed, and an optimum power can be determined more 
accurately. 



Similarly, even in the case where recording is 
performed on a block basis, two or more blocks of a land 
20 track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both the 
tracks, the variation of the blocks is absorbed, and an 
optimum power can be determined more accurately. 

25 

Furthermore, if the worst value of a block 
detected by the reproduction signal quality detector 3504 
is not adopted when two or more blocks are continuously 
recorded and reproduced, even when a block with a record - 
30 ing defect such as a scratch is present, the block can be 
eliminated. Thus, an optimum power can be - determined 
more accurately. 
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Similarly, even in the case where recording is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously recorded and reproduced. By continuously 
5 recording and reproducing two or more sectors of both the 
tracks, the variation of the sectors is absorbed, and an 
optimum power can be determined more accurately. 

Furthermore, if the worst value of a sector 
10 detected by the reproduction signal quality detector 3504 
is not adopted when two or more sectors are continuously 
recorded and reproduced, even when a sector with a 
recording defect such as a scratch is present, the sector 
can be eliminated. Thus, an optimum power can be deter- 
15 mined more accurately. 



In the present embodiment of the present inven- 
tion, when an optimum peak power is determined, recording 
is performed by changing only a peak power under the 
condition that a bias power is fixed. However, the peak 
power and the bias power may be changed simultaneously 
without fixing the bias power (e.g., a ratio between the 
peak power and the bias power is prescribed to be con- 
stant). Similarly, when an optimum bias power is deter- 
mined, the peak power and the bias power may be changed 
simultaneously without fixing the peak power (e.g., a 
ratio between the peak poweir and the bias power is pre- 
scribed to be constant). 

For example, in the case where a dust adheres to 
a lens, both a peak power and a bias power become lower 
than the presumed power. Therefore, when an optimum 
power is determined, a peak power and a bias power are 
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simultaneously changed, whereby a more practical optimum 
power can be determined. 

A signal with a pattern different from a record- 
5 ing signal for performing the continuous recording may be 
recorded in an area to be continuously recorded before 
each continuous recording for detecting a reproduction 
signal quality. By recording such a signal with a 
different pattern, a previously recorded signal component 

10 remaining in the area is made small (e.g., the signal 
component is recorded with a power lower than that of the 
previous recording), and the previously recorded signal 
will be not reproduced erroneously even in the case where 
sufficient recording has not been performed. Thus, a 

15 power can be optimized more accurately. 

Furthermore, recording may be performed in the 
area to be continuously recorded only by using a bias 
power before each continuous recording for detecting a 

20 reproduction signal quality. By performing recording 
with only a bias power, the previously recorded signal 
component remaining in the area is made small (e.g., the 
signal component is recorded with a power lower than the 
previous recording), and the previously recorded signal 

25 will be not reproduced erroneously even in the case where 
sufficient recording has not been performed. Thus, a 
power can be optimized more accurately. 

Embodiment 7 

30 The seventh embodiment is different from the 

sixth embodiment in the steps of obtaining the intensity 
of output light of a semiconductor laser, i.e., the power 
of a laser beam. 
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Figure 47 shows a structure of a phase-change 
type optical disk apparatus in the seventh embodiment of 
the present invention. In Figure 47, reference numeral 1 
denotes an optical disk, 2 denotes an optical head, 3 
5 denotes a reproduction system, 5174 denotes a land -groove 
reproduction signal quality detector, 5175 denotes an 
optimum recording power determination unit, 5176 denotes 
a land -groove continuous recording/reproduction unit, 
5177 denotes a laser driving circuit, 5178 denotes a 
10 track position controller, and 5179 denotes a recording 
power setting unit. 

The optical disk 1 is as described with reference 
to Figure 3. 

15 

Figure 48 is a flow chart showing process steps 
of an optical disk apparatus of the present embodiment. 
A procedure for obtaining a power of a laser beam will be 
described with reference to the flow chart. 

20 

In a phase-change type optical disk apparatus, 
powers to be determined include at least a peak power and 
a bias power. In the present embodiment, first, a method 
for determining a peak power will be described, and a 
25 method for determining a bias power will be described 
later. 

The optical disk 1. is loaded in an optical disk 
apparatus. Predetermined operations such as identifying 
30 a disk type and a rotation control are performed. 

Thereafter, the optical head 2 is moved to an area for 
setting an optimum irradiation power by the track posi- 
tion controller 5178 (Step 1101). It is assumed that 
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this area is a recording area other than a user area 
provided in an innermost track or an outermost track of 
the optical disk 1 in which a user records data. 

5 Initial values of the peak power and the bias 

power are set in the laser driving circuit 5177 by the 
recording power setting unit 5179 (Step 1102). At this 
time, a power for recording the land track is identical 
with a power for recording the groove track. 

10 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 
land -groove continuous recording/reproduction unit 5176 

15 to the laser driving circuit 5177 and the track position 
controller 5178, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 

20 mark is formed in accordance with a waveform of emitted 
light (Step 1103). 

After the continuous recording of the land track 
and the groove track is completed, output light from the 

25 semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land -groove continu- 
ous recording/reproduction unit 5176 to the track posi- 

30 tion controller 5178, and a signal 5180 which is varied 
depending upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
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reproduction signal 5180 is subjected to reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 5181 is input to the land -groove reproduc- 
5 tion signal quality detector 5174 (Step 1103). 

The land »groove reproduction signal quality 
detector 5174 detects a signal quality of the signal 5181 
for the land track and the groove track, separately, and 
10 a detection result of the reproduction signal quality is 
input to the optimum recording power determination 
unit 5175 (Step 1104). 

The land* groove reproduction signal quality 
15 detector 5174 detects, for example, a BER at which the 
recorded signal has been reproduced. 

For example, when BERs are OK for both the land 
track and the groove track, as a detection result of the 

20 reproduction signal quality detector 5174 ( Step 1105 no ) , 
the optimum recording power determination unit 5175 sets 
a peak power at which BERs become OK for both the land 
track and the groove track as an initial power 
( Step 1106 ) . While the peak power is gradually de- 

25 creased, continuous recording and continuous reproduction 
of the land track and the groove track are performed at 
each time, and results of the land* groove reproduction 
signal quality detector 5174 at the respective peak 
powers are stored. When BERs become NG for both the land 

30 track and the groove track (Step 1105 yes), an average 
power of a minimum peak power at which the BER is OK and 
a maximum peak power at which the BER is NG is obtained 
for the land track and the groove track, respectively, 



- 133 - 



P16201 



(Step 1107), and each power obtained by adding a certain 
margin to these average powers is determined as each 
optimum peak power (Step 1108). 

5 In the present embodiment, a movement path of a 

light spot on the optical disk 1 is similar to that of 
the first embodiment, which has been described with 
reference to Figure 3 . 

10 in the present embodiment, recording and 

reproduction of the land track and the groove track are 
continuously performed. Therefore, it takes less time, 
compared with the case where optimum powers are obtained 
for the land track and the groove track, separately. 

15 

For example, when a land track is recorded once 
and a groove track is recorded once in order to obtain an 
optimum power, in the case where the land track and the 
groove track are continuously recorded and reproduced as 
20 in the present embodiment, a time corresponding to 5 
rotations in total is required (i.e., 2 rotations for 
recording, one rotation for waiting for reproduction, and 
2 rotations for reproduction ) . 

25 on the other hand, in the case where optimum 

powers are obtained for a land track and a groove track, 
separately, a time corresponding to 3 rotations in total 
is required for the land track (i.e., one rotation for 
recording, one rotation for waiting for reproduction, and 

30 one rotation for reproduction). Furthermore, the same 
amount of time is required for the groove track. Thus, 
a time corresponding to 6 rotations in total is required. 
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Assuming that the land track and the groove track 
are recorded at 4 kinds of powers so as to obtain an 
optimum power, a time corresponding to 20 (5x4) rota- 
tions, is required in the present embodiment, whereas a 
5 time corresponding to 24 (6 x 4) rotations is required in 
the conventional apparatus. Thus, a waiting time for 
rotation is shortened in the present embodiment. 



As described above, in the optical disk apparatus 
10 of the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum power, 
whereby an optimum power for recording a user area can be 
determined in a short period of time, shortening a 
15 waiting time for rotation. 

Next, a procedure for determining a bias power 
will be described. A bias power has a narrower margin of 
power at which user data can be recorded, compared with 
20 a peak power. For example, a margin of the peak power is 
about 6 mW (9 mW to 15 mW), whereas a margin of the bias 
power is about 3 mW (3 mW to 6 mW). 



In the present embodiment, in order to obtain an 
25 optimum value of a bias power, a lower limit value and an 
upper limit value of a bias power at which user data can 
be recorded is obtained, and thereafter, an optimum value 
between the lower limit value and the upper limit value 
is obtained by computation. 

30 

A procedure for obtaining a bias power will be 
described with reference to a flow chart shown in Fig- 
ure 49. 
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The optical disk 1 is loaded in an optical disk 
apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
5 setting an optimum irradiation power by the track posi- 
tion controller 5178 (Step 1201). 

Initial values of the peak power and the bias 
power are set in the laser driving circuit 5177 by the 
10 recording power setting unit 5179, for example, for 
obtaining a lower limit value of the bias power 
(Step 1202). At this -time, a power for recording the 
land track is identical with a power for recording the 
groove track. 

15 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 
land -groove continuous recording/reproduction unit 5176 

20 to the laser driving circuit 5177 and the track position 
controller 5178, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 

25 mark is formed in accordance with a waveform of emitted 
light (Step 1203). 

After the continuous recording of the land track 
and the groove track is completed, output light from the 
30 semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land -groove continu- 
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ous recording/reproduction unit 5176 to the track posi- 
tion controller 5178, and a signal 5180 which is varied 
depending upon the presence of the recording nark on the 
optical disk 1 is input from the optical head 2 to the 
5 reproduction system 3 as a reproduction signal. The 
reproduction signal 5180 is subjected to reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 5181 is input to the land* groove reproduc- 
10 tion signal quality detector 5174 (Step 1203). 

The land «groove reproduction signal quality 
detector 5174 detects a signal quality of the sig- 
nal 5181, and a detection result of the reproduction 
15 signal quality is input to the optimum recording power 
determination unit 5175 (Step 1204). 

The land* groove reproduction signal quality 
detector 5174 detects, for example, a BER at which the 
20 recorded signal has been reproduced. 

For example, when BERs are OK for both the land 
track and the groove track, as a detection result of the 
reproduction signal quality detector 5174 ( Step 1205 no ) , 

25 the optimum recording power determination unit 5175 sets 
a bias power at which BERs become OK for both the land 
track and the groove track as an initial power 
(Step 1206). While the bias power is gradually de- 
creased, continuous recording and continuous reproduction 

30 of the land track and the groove track are performed at 
each time, and results of the land -groove reproduction 
signal quality detector 5174 at the respective bias 
powers are stored. When BERs become NG for both the land 
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track and the groove track (Step 1205 yes), an average 
power of a minimum bias power- at which the BER is OK and 
a maximum bias power at which the BER is NG is obtained 
for the land track and the groove track, respectively, 
5 and determined as a lower limit value of the bias power 
(Step 1207) . 

An upper limit value is obtained in a similar 
procedure to that of the lower limit value in accordance 

10 with each of Steps 1208 to 1213. More specifically, a 
bias power at which BERs become OK for both the land 
track and the groove track is set as an initial bias 
power. While the bias power is gradually increased, the 
continuous recording and reproduction of the land track 

15 and th© groove track are performed at each time. When 
the result of the land* groove reproduction signal quality 
detector 5174 becomes NG for both the land track and the 
groove track, an average bias power of a bias power at 
which the BER is OK and a maximum bias power at which the 

20 BER is NG is obtained for the land track and the groove 
track, respectively, and each average bias power is 
stored as an upper limit value of the average bias power. 

The optimum recording power determination 
25 unit 5175 determines an average value of the lower limit 
value and the upper limit value, for example, as the 
optimum bias power (Step 1214). 

When the- lower limit value and the upper limit 
30 value are obtained, the initial value of the bias power 
for obtaining the upper limit value is prescribed to be 
higher than that of the bias power for obtaining the 
lower limit value. More specifically, by starting from 
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the values close to the respective limit values, with the 
initial value of the bias power for obtaining the lower 
limit value being different from the initial value of the 
bias power for obtaining the upper limit value, a bias 
5 power is optimized in a short period of time. 

In -the present embodiment, an average value of 
the lower limit value and the upper limit value is deter- 
mined as an optimum bias power. However, in the case 

10 where an effective power is likely to become much smaller 
than the set optimum power in an area of the optical 
disk 1 in which user data is actually recorded, for exam- 
ple, due to the warpage of a disk, a value which divides 
the lower limit value and the upper limit value, for 

15 example, in a ratio of 2:1 may be determined as the 
optimum power. By determining the value which divides 
the lower limit value and the upper limit value in a 
ratio of 2:1 as the optimum power, a tolerance for the 
low power side becomes large. 

20 

The land -groove reproduction signal quality 
detector 5174 may be designed in such a manner that it 
detects a BER at which a recorded signal has been repro- 
duced, and does not count errors generated continuously 
25 at a predetermined time or times. Thus, even when an 
area with a recording defect such as a scratch is locally 
present, the effect thereof can be eliminated, and an 
optimum power can be determined more accurately. 

30 Furthermore, the land -groove reproduction signal 

quality detector 5174 is designed to detect a BER at 
which a recorded signal has been reproduced. However, 
the land -groove reproduction signal quality detector 5174 
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may detect a bit error rate, for example, as long as a 
reproduction signal quality can be detected. 

Furthermore, in the present embodiment, one land 
5 track and one groove track are continuously recorded and 
continuously reproduced. However, in an optical disk 
apparatus which performs recording, for example, on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
10 Figure 7. 

In the case where recording is performed on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
15 Figure 8. 

In the case where recording is performed on a 
sector basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
20 Figure 9. 

If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a 

25 waiting time for rotation will be shortened, compared 
with the case where one groove track and one land track 
are continuously recorded and reproduced. Furthermore, 
deterioration due to repeated recording can be delayed by 
a decrease in area which is continuously recorded at any 

30 one time. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
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reproduced. However, two or more land tracks and two or 
more groove tracks may be continuously recorded and 
reproduced. By continuously recording and reproducing 
two or more tracks, the variation of the tracks is 
5 absorbed, and an optimum power can be determined more 
accurately. 

Similarly, even in the case where recording is 
performed on a block basis, two or more blocks of a land 
10 track and two or more blocks of a groove track may be 
continuously recorded and reproduced. By continuously 
recording and reproducing two or more blocks of both the 
tracks, the variation of the blocks is absorbed, and an 
optimum power can be determined more accurately. 

15 

Furthermore, if the worst value of a block 
detected by the land- groove reproduction signal quality 
detector 5174 is not adopted when two or more blocks are 
continuously recorded and reproduced, even when a block 
20 with a recording defect such as a scratch is present, the 
block can be eliminated. Thus, an optimum power can be 
determined more accurately. 

Similarly, even in the case where recording is 
25 performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both the 
tracks', the variation of the sectors is absorbed, and an 
30 optimum power can be determined more accurately. 

Furthermore, if the worst value of a sector 
detected by the land* groove reproduction signal quality 
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detector 5174 is not adopted when two or more sectors are 
continuously recorded and reproduced, even when a sector 
with a recording defect such as a scratch is present, the 
sector can be eliminated. Thus, an optimum power can be 
5 determined more accurately. 

In the present embodiment of the present inven- 
tion, when an optimum peak power is determined, recording 
is performed by changing only a peak power under the 

10 condition that a bias power is fixed. However, the peak 
power and the bias power may be changed simultaneously 
without fixing the bias power (e.g., a ratio between the 
peak power and the bias power is prescribed to be con- 
stant ) . Similarly, when an optimum bias power is deter- 

15 mined, the peak power and the bias power may be changed 
simultaneously without fixing the peak power (e.g., a 
ratio between the peak power and the bias power is pre- 
scribed to be constant ) . 

20 For example, in the case where dust adheres to a 

lens, both a peak power and a bias power become lower 
than the presumed power. Therefore, when an optimum 
power is determined, a peak power and a bias power are 
simultaneously changed, whereby a more practical optimum 

25 power can be determined. 

A signal with a pattern different from a record- 
ing' signal for performing the continuous recording may be 
recorded in an area to be continuously recorded before 
30 each continuous recording for detecting a reproduction 
signal quality. By recording such a signal with a 
different pattern, a previously recorded signal component 
remaining in the area is made small (e.g., the signal 
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component: is recorded with a power lower than "that of the 
previous recording), and the previously recorded signal 
will be not reproduced erroneously even in the case where 
sufficient recording has not been performed. Thus, a 
5 power can be optimized more accurately. 

Furthermore, recording may be performed in the 
area to be continuously recorded only by using a bias 
power before each continuous recording for detecting a 

10 reproduction signal quality. By performing recording 
with only a bias power, the previously recorded signal 
component remaining in the area is made small (e.g., the 
signal component is recorded with a power lower than the 
previous recording ) , and the previously recorded signal 

15 will be not reproduced erroneously even in the case where 
sufficient recording has not been performed. Thus, a 
power can be optimized more accurately. 

Embodiment 8 

20 In the eighth embodiment, a peak power and a bias 

power are obtained for a groove track and a land track, 
separately. 

Figure 50 shows a structure of a phase -change 
25 type optical disk apparatus in the eighth embodiment of 
the present invention. In Figure 50, reference numeral 1 
denotes an optical disk, 2 denotes an optical head, 3 
denotes a reproduction system, 5404 denotes a land -groove 
reproduction signal quality detector, 5405 denotes a 
30 land- groove optimum recording power determination unit, 
5406 denotes a land -groove continuous record- 
ing/reproduction unit, 5407 denotes a laser driving 
circuit, 5408 denotes a track position controller, and 
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5409 denotes a land* groove recording power setting unit. 

The optical disk 1 is as described with reference 
to Figure 3. 

In a phase-change type optical disk apparatus, 
powers to be determined include at least a peak power and . 
a bias power. In the present embodiment, first, a method 
for determining a peak power will be described, and a 
method for determining a bias power will be described 
later. 

The optical disk 1 is loaded in an optical disk 
apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
setting an optimum irradiation power by the track posi- 
tion controller 5408 . It is assumed that this area is a 
recording area other than a user area provided in an 
innermost track or an outermost track of the optical 
disk 1 in which a user records data. 

Initial values of the peak power and the bias 
power are set in the laser driving circuit 5407 by the 
land «groove recording power setting unit 5409. At this 
time, a power for recording the land track is identical 
with a power for recording the groove track. 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted ' from the 
land -groove continuous recording/reproduction unit 5406 
to the laser driving circuit 5407 and the track position 
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controller 5408, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 
mark is formed in accordance with a waveform of emitted 
light. 

After -the continuous recording of the land track 
and the groove track is completed/ output light from the 
semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land* groove continu- 
ous recording/reproduction unit 5406 to the track posi- 
tion controller 5408, and a signal 5410 which is varied 
depending upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
reproduction signal 5410 is subjected to reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 5411 is input to the land* groove reproduc- 
tion signal quality detector 5404. 

The land -groove reproduction signal quality 
detector 5404 detects a signal quality of the signal 5411 
for the land track and the groove track, separately, and 
a detection result of the reproduction signal quality is 
input to the land* groove optimum recording power 
determination unit 5405. 

The land* groove reproduction signal quality 
detector 5404 detects, for example, a BER at which the 
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recorded signal has been reproduced. 

Based on the detection result of the land* groove 
reproduction signal quality detector 5404,. each of 
Steps 903 to 909 in the flow chart of Figure 39 is 
performed for the land track and the groove track, 
separately, and each peak power is set. 

For example, when the first result of the 
land -groove reproduction signal quality detector 5404 is 
NG for the land track and OK for the groove track / the 
peak power of the land track is increased, and the peak 
power of the groove track is decreased. Therefore, 
during the second continuous recording and reproduction, 
the peak power for the land track becomes higher than the 
peak power for the groove track. 

When the second result of the land* groove 
reproduction signal quality detector 5404 is OK for the 
land track and NG for the groove track, the land 'groove 
optimum recording power determination unit 5405 deter- 
mines a power obtained by adding a certain margin to an 
average power of the current power and the previous power 
as an optimum peak power for the land track and the 
groove track. 

When the second result of the land* groove 
reproduction signal quality detector 5404 is OK for the 
land track and OK for the groove track, the land* groove 
optimum recording power determination unit 5405 deter- 
mines a power obtained by adding a certain margin to an 
average power of the current peak power and the previous 
peak power at which the land track has been recorded as 
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an optimum power of the land track. Regarding the groove 
track, a power lower than the peak power used during the 
second recording, and the groove track is recorded using 
this power, thereby detecting a reproduction signal 
5 quality. 

When the third result of the land* groove 
reproduction signal quality detector 5404 is NG for the 
groove track, the land* groove optimum recording power 
10 determination unit 5405 determines a power obtained by 
adding a certain margin to an average power of the 
current power and the previous power as an optimum peak 
power of the groove track. 

15 in the present embodiment, a movement path of a 

light spot on the optical disk 1 is similar to that of 
the first embodiment, which has been described with 
reference to Figure 3. 

20 For example, when a land track is recorded once 

and a groove track is recorded once in order to obtain an 
optimum power, in the case where the land track and the 
groove track are continuously recorded and reproduced as 
in the present embodiment, a time corresponding to 5 

25 rotations in total is required (i.e., 2 rotations for 
recording, one rotation for waiting for reproduction, and 
2 rotations for reproduction). 

On the other hand, ' in the case where optimum 
30 powers are obtained for a land track and a groove track, 
separately, in a conventional apparatus, a time corre- 
sponding to 3 rotations in total is required for the land 
track (i.e., one rotation for recording, one rotation for 
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waiting for reproduction, and one rotation for reproduc- 
tion). Furthermore, the same amount of time is required 
for the groove track. Thus, a time corresponding to 6 
rotations in total is required. 

5 

Assuming that the land track and the groove track 
are recorded at 4 levels of powers so as to obtain an 
optimum power, a time corresponding to 20 (5 x 4) rota- 
tions is required in the present embodiment, whereas a 
10 time corresponding to 24 (6 x 4) rotations is required in 
the conventional apparatus. Thus, a waiting time for 
rotation is shortened in the present embodiment. 

As described above, in the optical disk apparatus 
15 of the present embodiment, a land track and a groove 
track are continuously recorded and reproduced prior to 
recording of data so as to determine an optimum power, 
whereby an optimum power for recording a user area can be 
determined in a short period of time, shortening a 
20 waiting time for rotation. 

Next, a procedure for determining a bias power 
will be described. A bias power has a narrower margin of 
power at which user data can be recorded, compared with 
25 a peak power. For example, a margin of the peak power is 
about 6 mW (9 mW to 15 mW), whereas a margin of the bias 
power is about 3 mW (3 mW to 6 mW). 

In the present embodiment, in order to obtain an 
30 optimum value of a bias power, a lower limit value and an 
upper limit value of a bias power at which user data can 
be recorded is obtained, and thereafter, an optimum value 
between the lower limit value and the upper limit value 
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is obtained by computation. 

First, initial values of the peak power and the 
bias power are set in the laser driving circuit 5407 by 
5 the land ♦groove recording power setting unit 5409, for 
example, for the purpose of obtaining a lower limit value 
of the bias power. At this time, a power for recording 
the land track is identical with a power for recording 
the groove track. 

10 

Subsequently, a control signal for continuously 
recording one land track and one groove track from a 
predetermined position is transmitted from the 
land »groove continuous recording/reproduction unit 5406 

15 to the laser driving circuit 5407 and the track position 
controller 5408, whereby recording is performed by the 
optical head 2. At this time, output light from the 
semiconductor laser of the optical head 2 is condensed as 
a light spot on the optical disk 1, whereby a recording 

20 mark is formed in accordance with a waveform of emitted 
light . 

After the continuous recording of the land track 
and the groove track is completed, output light from the 

25 semiconductor laser of the optical head 2 is emitted at 
a reproduction power. A signal for continuously 
reproducing one land track and one groove track previous- 
ly recorded is transmitted from the land • groove continu- 
ous recording/reproduction unit 5405 to the track posi- 

30 tion controller 5408, and a signal 5410 which is varied 
depending upon the presence of the recording mark on the 
optical disk 1 is input from the optical head 2 to the 
reproduction system 3 as a reproduction signal. The 
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reproduction signal 5410 is subjected to reproduction 
signal processing such as amplification, waveform equal- 
ization, and digitization at the reproduction system 3, 
and a signal 5411 is input to the land -groove reproduc- 
5 tion signal quality detector 5404. 

The land 'groove reproduction signal quality 
detector 5404 detects a signal quality of the signal 5411 
for the land track and the groove track, separately, and 
10 a detection result of the reproduction signal quality is 
input to the land »groove optimum recording power 
determination unit 5405. 

The land* groove reproduction signal quality 
15 detector 5404 detects, for example, a BER at which the 
recorded signal has been reproduced. 

Based on the detection result of the land* groove 
reproduction signal quality detector 5404, each of 
20 Steps 1003 to 1009 in the flow chart of Figure 41 is 
performed for the land track and the groove track, 
separately, and each bias power is set again. 

For example, when the first xesvilt of the 
25 land «groove reproduction signal quality detector 5404 is 
NG for the land track and OK for the groove track, the 
bias power of the land track is increased, and the bias 
power of the groove track is decreased. Therefore, 
during the second continuous recording, the bias power 
30 for recording the land track becomes higher than the bias 
power for recording the groove track. 

When the second result of the land •groove 
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reproduction signal quality detector 5404 is OK for the 
land track and NG for the groove track, the land ♦groove 
optimum recording power determination unit 5405 stores an 
average bias power of the current bias power and the 
previous bias power as a lower limit value of the bias 
power of the land track and the groove track. 

When the second result of the land* groove 
reproduction signal quality detector 5404 is OK for the 
land track and OK for the groove track, the land* groove 
optimum recording power determination unit 5405 stores an 
average power of the current bias power and the previous 
bias power at which the land track has been recorded as 
a lower limit value of the bias power of the land track. 
Regarding the groove track, a bias power lower than the 
bias power used during the second recording is set, and 
the groove track is recorded using this power, thereby 
detecting a reproduction signal quality. 

When the third result of the land* groove 
reproduction signal quality detector 5404 is NG for the 
groove track, the land* groove optimum recording power 
determination unit 5405 stores an average power of the 
current bias power and the previous bias power as a lower 
limit value of the bias power of the groove track. 

Regarding the upper limit value, each of 
Steps 1010 to 1017 in the flow chart of Figure 41 is 
performed for the land track and the groove track, 
separately, and an upper limit value of the bias power of 
the land track is obtained to be stored, and an upper 
limit value of the bias power of the groove track is 
obtained to be stored. 
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The land »groove optimum recording power 
determination unit 5405 determines an average value of 
the lower limit value and the upper limit value, for 
example, as the optimum bias power for the land track and 
■the groove track, separately. 

When the lower limit value and the upper limit 
value are obtained, the initial value of the bias power 
for obtaining the upper limit value may be prescribed to 
be higher than that of the bias power for obtaining the 
lower limit value. More specifically, by starting from 
the values close to the respective limit values, with the 
initial value of the bias power for obtaining the lower 
limit value being different from the initial value of the 
bias power for obtaining the upper limit value, a bias 
power is optimized in a short period of time. 

In the present embodiment, an average value of 
the lower limit value and the upper limit value is deter- 
mined as an optimum bias power. However, in the case 
where an effective power is likely to become much smaller 
than the set optimum power in an area of the optical 
disk 1 in which user data is actually recorded, for exam- 
ple, due to the warpage of a disk, a value which divides 
the lower limit value and the upper limit value, for 
example, in a ratio of 2:1 may be determined as the 
optimum power. By determining the value which divides 
the- lower limit value and the upper limit value in a 
ratio of 2:1 as the optimum power, a tolerance for the 
low power side becomes large. 

The land -groove reproduction signal quality 
detector 5404 may be designed in such a manner that it 
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detects a BER at which a recorded signal has been repro- 
duced, and does not count errors generated continuously 
at a predetermined time or times. Thus, even when an 
area with a recording defect such as a scratch is locally- 
present, the effect thereof can be eliminated, and an 
optimum power can be determined more accurately. 

Furthermore, the land • groove reproduction signal 
quality detector 5404 is designed to detect a BER at 
which a recorded signal has been reproduced. However, 
the land *groove reproduction signal quality detector 5404 
may detect a bit error rate, for example, as long as a 
reproduction signal quality can be detected. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
continuously reproduced. However, in an optical disk 
apparatus which performs recording, for example, on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 7. 

In the case where recording is performed on a 
block basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 8. 

In the case where recording is performed on a 
sector basis, a movement path of a light spot on the 
optical disk 1 may be as described with reference to 
Figure 9. 

If recording and reproduction are performed on a 
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sector basis, an area to be continuously recorded and 
reproduced may be one track or less, a waiting time for 
rotation can be shortened, compared with the case where 
one groove track and one land track are continuously 
recorded and reproduced. Furthermore, deterioration due 
to repeated recording can be delayed by a decrease in 
area which is continuously recorded at any one time. 

The following may be possible: when recording is 
performed on a sector basis, continuous recording of the 
land track and the groove track is performed while a peak 
power is gradually decreased, for example, on a sector - 
basis; during the subsequent reproduction, a reproduction 
signal quality of each sector of the land track and the 
groove track is detected; and a power obtained by adding 
a certain margin to an average power of the powers 
immediately before and after the detection result is 
changed from OK to NG is determined as an optimum peak 
power for the land track and the groove track, respec- 
tively. 

Similarly, regarding determination of a bias 
power, the following may be possible: a land track and a 
groove track are continuously recorded while a bias power 
is gradually increased from a low level on a sector 
basis; during the subsequent reproduction, a reproduction 
signal quality of each sector of the land track and the 
groove track is detected; and with an average power of 
the powers immediately before and after the detection 
result is changed from NG to OK being a lower limit value 
of the bias power and an average power of the powers 
immediately before and after the detection result is 
changed from OK to NG being an upper limit value of the 
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bias power, an average power of the lower limit value and 
the upper limit value is determined as an optimum bias 
power . 

As described above, continuous recording and 
reproduction are performed while a recording power is 
being changed on a sector basis. Consequently, 
reproduction signal quality results at a plurality of 
recording powers are obtained for the land track and the 
groove track, respectively, during one continuous record- 
ing of the land track and the groove track. This is more 
efficient, and enables deterioration due to repeated 
recording to be delayed by a decrease in area which is 
recorded for determining an optimum power. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously recorded and 
reproduced. However, two or more land tracks and two or 
more groove tracks may be continuously recorded and 
reproduced. By continuously recording and reproducing 
two or more tracks, the variation of the tracks is 
absorbed, and an optimum power can be determined more 
accurately. 

Similarly, even in the case where recording is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously recorded, and reproduced. By continuously 
recording and reproducing two or more blocks of both the 
tracks, the variation of the blocks is absorbed, and an 
optimum power can be determined more accurately. 

Furthermore, if the worst value of a block 



- 155 - 



P16201 



detected by the land* groove reproduction signal quality 
detector 5404 is not adopted when two or more blocks are 
continuously recorded and reproduced, even when a block 
with a recording defect such as a scratch is present, the 
block can be eliminated. Thus, an optimum power can be 
determined more accurately. 

Similarly, even in the case where recording is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously recorded and reproduced. By continuously 
recording and reproducing two or more sectors of both the 
tracks, the variation of the sectors is absorbed, and an 
optimum power can be determined more accurately. 

Furthermore, if the worst value of a sector 
detected by the land* groove reproduction signal quality 
detector 5404 is not adopted when two or more sectors are 
continuously recorded and reproduced, even when a sector 
with a recording defect such as a scratch is present, the 
sector can be eliminated. Thus, an optimum power can be 
determined more accurately. 

In the present embodiment of the present inven- 
tion, when an optimum peak power is determined, recording 
is performed by changing only a peak power under the 
condition that a bias power is fixed. However, the peak 
power and the bias power may be changed simultaneously 
without fixing the bias power (e.g., a ratio between the 
peak power and the bias power is prescribed to be con- 
stant). Similarly, when an optimum bias power is deter- 
mined, the peak power and the bias power may be changed 
simultaneously without fixing the peak power (e.g., a 
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ratio between the peak power and the bias power is pre- 
scribed to be constant ) . 

For example, in the case where dust adheres to a 
lens, both a peak power and a bias power become lower 
than the presumed power. Therefore, when an optimum 
power is determined, a peak power and a bias power are 
simultaneously changed, whereby a more practical optimum 
power can be determined. 

A signal with a pattern different from a record- 
ing signal for performing the continuous recording may be 
recorded in an area to be continuously recorded before 
each continuous recording for detecting a reproduction 
signal quality. By recording such a signal with a 
different pattern, a previously recorded signal component 
remaining in the area is made small (e.g., the signal 
component is recorded with a power lower than that of the 
previous recording), and the previously recorded signal 
will be not reproduced erroneously even in the case where 
sufficient recording has not been performed. Thus, a 
power can be optimized more accurately. 

Furthermore, recording may be performed in the 
area to be continuously recorded only by using a bias 
power before each continuous recording for detecting a 
reproduction signal quality. By performing recording 
with only a bias power, the previously recorded signal 
component remaining- in the area is made small (e.g., the 
signal component is recorded with a power lower than the 
previous recording), and the previously recorded signal 
will be not reproduced erroneously even in the case where 
sufficient recording has not been performed. Thus, a 
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power can be optimized more accurately. 

In the sixth to eighth embodiments, prior to 
setting the optimum peak power and the optimum bias 
power, the optical head 2 is moved to a predetermined 
area. This area is an outermost area la of the optical 
disk 1, for example, as shown in Figure 22A. However, 
when the optical disk 1 is warped or when the optical 
disk 1 is not properly placed in an apparatus, the 
optimum peak power and the optimum bias power obtained in 
the outermost area la of the optical disk 1 are not 
necessarily optimum for an inner track portion of the 
optical disk 1. More specifically, the optimum peak 
power and the optimum bias power may be different between 
the outer track portion and the inner track portion of 
the optical disk 1. Therefore, in a plurality of places 
on the optical disk 1 (e.g., in an outermost track and an 
innermost track of the optical disk 1), an optimum peak 
power and an optimum bias power are obtained, and a 
supplementary curve connecting the optimum power points 
in the outermost track and in the innermost track as 
shown in Figure 22D is formed for the optimum peak power 
and the optimum bias power, separately. When the optical 
disk 1 is recorded and reproduced, an optimum peak power 
and an optimum bias power may be set, respectively, in 
accordance with a recording position and a reproduction 
position of the optical disk 1 based on the supplementary 
curve connecting the optimum power points in the outer- 
most track and the innermost track. 

Embodiment 9 

In the ninth embodiment, an equalizer character- 
istic which is common in a land track and a groove track 
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of an optical disk is set. 

Figure 51 shows a structure of an optical disk 
apparatus in "Che ninth embodiment of the present inven- 
tion. In Figure 51, reference numeral 1 denotes an 
optical disk, 2 denotes an optical head, 3 denotes a 
reproduction system, 5504 denotes a reproduction signal 
quality detector, 5505 denotes an optimum equalizer 
characteristic determination unit, 5506 denotes a 
land«groove continuous recording/reproduction unit, 5507 
denotes a laser driving circuit, 5508 denotes a track 
position controller, and 5509 denotes an equalizer 
characteristic setting unit. 

The optical disk 1 is as described with reference 
to Figure 3. 

Figure 52A is a graph showing a frequency charac- 
teristic of a reproduction signal obtained by reproducing 
the optical disk 1. As is apparent from this graph, as 
the frequency of a reproduction signal increases, the 
level of the reproduction signal decreases. The level of 
the reproduction signal reaches zero at a limit frequen- 
cy f 0 . The frequency of the reproduction signal depends 
upon the length of a mark recorded on the optical disk 1. 
As a mark becomes shorter, the frequency increases. More 
specifically, as the mark becomes shorter, the frequency 
of -the reproduction signal increases, which makes it 
difficult to obtain a reproduction signal. 

Therefore, the reproduction system 3 includes an 
equalizer having a characteristic as shown in a graph of 
Figure 52B. By appropriately setting the characteristic 
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of the equalizer, a decrease in the level of a reproduc- 
tion signal at a high frequency is compensated by the 
equalizer, and thereafter, the reproduction signal is 
processed . 

Figure 53 is a flow chart showing process steps 
of an optical disk apparatus of the present embodiment . 
A procedure for obtaining an equalizer characteristic of 
the reproduction system 3 will be described with refer- 
ence to this flow chart. 

As the equalizer characteristic of the reproduc- 
tion system 3, the boost amount of the reproduction 
signal at a limit frequency f c of the reproduction signal 
as shown in Figures 52A and 52b is obtained. 

The optical disk 1 is loaded in an optical disk 
apparatus. Predetermined operations Such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
setting an optimum equalizer characteristic by the track 
position controller 5508 ( Step 1301 ) . It is assumed that 
this area is a recording area other than a user area 
provided in an innermost track or an outermost track of 
the optical disk 1 in which a user records data. 

Initial values of the boost amount and the 
frequency at which the boost amount becomes maximum are 
set in the equalizer of the reproduction system 3 by the 
equalizer characteristic setting unit 5509 (Step 1302). 
At this time, an equalizer characteristic for reproducing 
the land track is identical with an equalizer character- 
istic for reproducing the groove track. 
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Subsequently/ a control signal for continuously 
reproducing one land track and one groove track from a 
predetermined position is transmitted from the 
land «groove continuous reproduction unit 5506 to the 
track position controller 5508, whereby reproduction is 
performed by the optical head 2 and a signal 5510 which 
is varied depending upon the presence of the recording 
mark on the optical disk 1 is input from the optical 
head 2 to the reproduction system 3 as a reproduction 
signal. The reproduction signal 5510 is subjected to 
reproduction signal processing such as amplification, 
waveform equalization, and digitization at the reproduc- 
tion system 3, and a signal 5511 is input to the repro- 
duction signal quality detector 5504 (Step 1303). 

The reproduction signal quality detector 5504 
detects a signal quality of the signal 5511, and a detec- 
tion result of the reproduction signal quality is input 
to the optimum equalizer characteristic determination 
unit 5405. When the length of the reproduced land track 
is equal to or almost equal to that of the reproduced 
groove track, a reproduction signal quality detection 
result is an average reproduction signal quality result 
of the land track and the groove track;. In other words, 
the reproduction signal quality detection result is an 
average reproduction signal quality result of the optical 
disk 1 when reproduction is performed with the equalizer 
characteristic (Step 1304). 

The reproduction signal quality detector 5404 de- 
tects, for example, a BER at which the recorded signal 
has been reproduced. Figure 54A shows a relationship 
between the boost amount and the BER. 
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In Figure 54R„ the abscissa represents the boost 
amount, and the ordinate represents the BER. In general, 
under the same recording conditions, more accurate 
recording and reproduction are performed with a smaller 
BER. It is assumed that a detection result in which the 
BER becomes a threshold value or less is OK, and a 
detection result in which the BER exceeds the threshold 
value is NG. 

In the present embodiment, in order to obtain an 
optimum value of a boost amount, a lower limit value and 
an upper limit value of the boost amount which enables 
user data to be reproduced are obtained, and thereafter, 
an optimum value between the lower limit value and the 
upper limit value is obtained by computation. 

For example, when BERs are OK for both the land 
track and the groove track, as a detection result of the 
reproduction signal quality detector 5504 (Step 1305 no), 
the optimum equalizer characteristic determination 
unit 5505 sets a boost amount at which BERs become OK for 
both the land track and the groove track as an initial 
boost amount (Step 1306). While the boost amount is 
gradually decreased, continuous reproduction of the land 
track and the groove track are performed at each time, 
and results of the reproduction signal quality detec- 
tor 5504 at the respective boost amounts are stored. 
When BERs become NG for both the land track and the 
groove track ( Step 1305 yes ) , an average boost amount of 
a minimum boost amount at which the BER is OK and a boost 
amount at which the BER is NG is stored as a lower limit 
value of the boost amount (Step 1307). 
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An upper limit value is obtained in a similar 
procedure to that of the lower limit value in accordance 
with each of Steps 1308 to 1314. More specifically, the 
optimum equalizer characteristic determination unit 5505 
sets a boost amount at which BERs become OK for both the 
land track and the groove track as an initial boost 
amount (Step 1308). While the boost amount is gradually 
increased, continuous reproduction of the land track and 
the groove track is performed at each time. When BERs 
become NG for both the land track and the groove track as 
a result of the reproduction signal quality detector 5504 
( Step 1311 yes ) , an average boost amount of a maximum 
boost amount at which the BER is OK and a boost amount at 
which the BER is NG is obtained for the land track and 
the groove track, respectively, and each average boost 
amount is stored as an upper limit value of the average 
boost amount ( Step 1313 ) . 

The optimum equalizer characteristic determina- 
tion unit 5505 determines, for example, an average value 
of the lower limit value and the upper limit value as an 
optimum boost amount ( Step 1314 ) . 

When the lower limit value and the upper limit 
value are obtained, the initial value of the boost amount 
for obtaining the upper limit value is prescribed to be 
higher than that of the boost amount for obtaining the 
lower limit value. More specifically, by starting from 
the values close to the respective limit values, with the 
initial value of the boost amount for obtaining the lower 
limit value being different from the initial value of the 
boost amount for obtaining the upper limit value, a boost 
amount is optimized in a short period of time. 
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Now, referring to Figure 3, the steps of continu- 
ously reproducing a signal recorded in the land track and 
the groove track will be described by using a path on a 
recording track of an irradiation spot of the semiconduc- 
tor laser. 

As shown in Figure 3, reproduction of a land 
track is performed clockwise from a point 31 to a 
point 32 at a set boost amount. Continuously, reproduc- 
tion of a groove track is performed clockwise from a 
point 32 to a point 33 at the same boost amount. 

Next, in order to reproduce a signal at a differ- 
ent boost amount, the irradiation spot Jumps, for exam- 
ple, from a point 34 to an inner track, passing through 
points 35 and 36, and starts moving on a track from a 
point 37. The irradiation spot moves on the groove track 
clockwise from the point 37 to the point 31, and repro- 
duces the land track from the point 31 to the point 32 in 
the same way as described above and reproduces the groove 
track from the point 32 to the point 33, thereby detect- 
ing a reproduction signal quality of the land track and 
the groove track. 

In the present embodiment, the land track and the 
groove track are continuously reproduced. Therefore, it 
takes less time, compared with the case where optimum 
boost amounts are obtained for the land track and the 
groove track, separately, and the obtained optimum boost 
amounts are averaged. 

For example, when a land track and a groove track 
ere reproduced at two different boost amounts in order to 
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obtain an optimum boost amount, in the case where the 
land track and the groove track are continuously repro~ 
duced as in the present embodiment, a time corresponding 
to 5 rotations in total is required (i.e., 2 rotations 
for reproduction at an initial boost amount, one rotation 
for waiting for reproduction, and 2 rotations for 
reproduction at a different boost amount). 

On the other hand, in a conventional apparatus, 
optimum boost amounts are obtained for a land track and 
a groove track, separately, so that a time corresponding 
to 3 rotations in total is required for the land track 
(i.e., one rotation for reproduction at an initial boost 
amount, one rotation for waiting for reproduction, and 
one rotation for reproduction at a different boost 
amount)- Furthermore, the same amount of time is re- 
quired for the groove track. Thus, a time corresponding 
to 6 rotations in total is required. 

Assuming that the land track and the groove track 
are reproduced at 8 kinds of boost amounts so as to 
obtain an optimum boost amount, a time corresponding to 
20 (5 x 4) rotations is required in the present embodi- 
ment , whereas a time corresponding to 24 (6 x 4 ) rota- 
tions is required in the conventional apparatus. Thus, 
a waiting time for rotation is shortened in the present 
embodiment . 

Figure 54B shows a relationship between the 
frequency at which the boost amount becomes maximum and 
the BER. An optimum value of the frequency at which the 
boost amount becomes maximum can be obtained in the 
similar procedure to that of the boost amount. More 
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specifically, while the frequency is gradually changed, 
continuous reproduction of the land track and the groove 
track is performed at each time, and the frequency at 
which the boost amount becomes maximum is determined in 
accordance with the result of the reproduction signal 
quality detector 5504. 

As described above, in the optical disk apparatus 
of the present embodiment, a land track and a groove 
track are continuously reproduced prior to reproduction 
of data so as to determine an equalizer characteristic, 
whereby an optimum equalizer characteristic suitable for 
reproducing a user area can be determined in a short 
period of time, shortening a waiting time for rotation. 

In the present embodiment, for example, an 
average value of the lower limit value and the upper 
limit value is determined as an optimum boost amount. 
However, reproduction is performed while a boost amount 
is changed successively from the vicinity of the lower 
limit value to the vicinity of the upper limit value, and 
a value at which the BER becomes minimum may be deter- 
mined as an optimum boost amount. 

The reproduction signal quality detector 5504 may 
be designed in such a manner that it detects a BER at 
which a recorded signal has been reproduced, and does not 
count errors generated continuously at a predetermined 
time or times. Thus, even when an area with a reproduc- 
tion defect such as a scratch is locally present, the 
effect thereof can be eliminated, and an optimum equaliz- 
er characteristic can be determined more accurately. 
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Furthermore, the reproduction signal quality- 
detector 5174 is designed to detect a BER at which a 
recorded signal has been reproduced. Alternatively, the 
following other detection methods may be used. 

As an example of the detection method, a method 
for detecting a jitter will be exemplified. Figure 55A 
shows a relationship between the boost amount and the 
jitter. In this figure, the abscissa represents the 
boost amount, and the ordinate represents the jitter. 
Figure 55B shows a relationship between the frequency at 
which the boost amount becomes maximum and the Jitter. 
In this figure, the abscissa represents the frequency at 
which the boost amount becomes maximum, and the ordinate 
represents the jitter. 

The Jitter refers to a time shift between a 
reproduction signal and an original signal. Generally, 
more accurate reproduction is performed as the Jitter 
becomes smaller, under -the same recording conditions. It 
is assumed that a detection result in which the jitter 
becomes equal to or lower than a threshold value is OK, 
and a detection result in which the Jitter exceeds a 
threshold value is NG. 

The jitter can be detected as an average value in 
a measurement interval, and does not change enormously 
even when an area with a reproduction defect such as a 
scratch is locally present. Thus, the jitter can suit- 
ably be used for determining an optimum equalizer charac- 
teristic. 

As another example of the detection method, a 
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method for detecting resolution will be described. 
Figure 56A shows a relationship between the boost amount 
and the resolution. In this figure, the abscissa repre- 
sents the boost amount, and the ordinate represents the 
resolution. Figure 56B shows a relationship between the 
frequency at which the boost amount becomes maximum and 
the resolution. The abscissa represents the frequency at 
which the boost amount becomes maximum, and the ordinate 
represents the resolution. 

As shown in Figure 18, the resolution refers to 
a ratio between an amplitude of a reproduction signal in 
the shortest period and an amplitude of a reproduction 
signal in the longest period. Generally, more accurate 
reproduction is performed as the resolution becomes 
larger, under the same recording conditions. It is 
assumed that a detection result in which the resolution 
becomes equal to or higher than a threshold value is OK, 
and a detection result in which the resolution becomes 
lower than a threshold value is NG. 

The resolution can be detected as an average 
value in a measurement interval, and does not largely 
change even when an area with a reproduction defect such 
as a scratch is locally present. Thus, the resolution is 
suitably used for determining an optimum equalizer 
cheraoteristic. 

As ' another example of the detection method, a 
method for detecting modulation will be described. 
Figure 57a shows a relationship between the boost amount 
and the modulation. In this figure, the abscissa repre- 
sents the boost amount, and the ordinate represents the 
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modulation. Figure 57B shows a relationship between the 
frequency at which the boost amount becomes maximum and 
the modulation. The abscissa represents the frequency at 
which the boost amount becomes maximum, and the ordinate 
represents the modulation. 

The modulation refers to a ratio between an AC 
component and a DC component in a reproduction signal in 
a time interval, as shown in Figure 16. Generally, more 
accurate reproduction is performed as the modulation 
becomes larger, under the same recording conditions. It 
is assumed that a detection result in which the modula- 
tion becomes equal to or higher than a threshold value is 
OK, and a detection result in which the modulation, 
becomes lower than a threshold value is NG. 

The modulation can be detected as an average 
value in a measurement interval, and does not change 
enormously even when an area with a reproduction defect 
such as a scratch is locally present. Thus, the modula- 
tion can suitably be used for determining an optimum 
equalizer characteristic. 

As another example of the detection method, a 
method for detecting symmetry will be described. Fig- 
ure 58A shows a relationship between the boost amount 
and the symmetry. In this figure, the abscissa repre- 
sents the boost amount, and the ordinate represents the 
symmetry. Figure 58B shows a relationship between the 
frequency at which the boost amount becomes maximum and 
the symmetry. The abscissa represents the frequency at 
which the boost amount becomes maximum, and the ordinate 
represents the symmetry. 
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The symmetry refers to a value which shows a 
secondary harmonic component of a reproduction signal. 
Generally, more accurate reproduction is performed as the 
symmetry becomes smaller, under -the same recording 
5 conditions. It is assumed that a detection result in 
which an absolute value of the symmetry becomes equal to 
or higher than a threshold value is NG, and a detection 
result in which an absolute value of the symmetry becomes 
lower than a threshold value is OK. 

10 

The symmetry can be detected as an average value 
in a measurement interval, and does not change enormously 
even when an area with a reproduction defect such as a 
scratch is locally present. Thus, the symmetry can 
15 suitably be used for determining an optimum equalizer 
characteristic . 

In the present embodiment, one land track and one 
groove track are continuously reproduced. However, for 
20 example, in an optical disk apparatus which performs 
reproduction on a block basis, reproduction of a land 
track may be performed from a point 141 to a point 142, 
and reproduction of a groove track may be performed from 
a point: 142 to a point 143 as shown in Figure 7. 

25 

In an optical disk apparatus which performs 
reproduction on a block basis, reproduction of a land 
track is performed from a point 147 to a point 148, and 
reproduction of a groove track is performed from a 
30 point 149 to a point 14100 as shown in Figure 7. Thus, 
reproduction may be started at any point as long as 
reproduction for detecting a reproduction signal quality 
is detected. 
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In particular, assuming that one half of one 
block is a land track, and the other half of one block is 
a groove track (in Figure 8, when one block contains 16 
sectors, a zone from a point 151 to a point 152 corre- 
sponds to 8 sectors of the land track, and a zone from 
the point 152 to the point 153 corresponds to 8 sectors 
of the groove track), as shown in Figure 8, in the case 
of performing reproduction on a block basis, one block 
corresponds to one track or less, and two blocks corre- 
spond to on© track or more. In this case, a waiting time 
for rotation can be shortened, compared with the case 
where one land track and one groove track are continuous- 
ly reproduced . 

Similarly, in the present embodiment, one land 
track and one groove track are continuously reproduced. 
However, in the case where an optical disk apparatus 
performs reproduction on a sector basis, it may be 
possible that a sector of a land track from a point 161 
to a point 162 and a sector of a groove track from a 
point 162 to a point 163 are continuously reproduced, as 
shown in Figure 9. 

Similarly, in the case where reproduction is per- 
formed on a sector basis, it may be possible that a 
sector of a land track from a point 167 to the point 161 
and a sector of a groove track from the point 163 to a 
point 168 are continuously reproduced, as shown in 
Figure 9. Thus, reproduction may be started at any point 
as long as reproduction for detecting a reproduction 
signal quality is detected. 

If recording and reproduction are performed on a 
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sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a 
waiting time for rotation can be shortened, compared with 
the case where one groove track and one land track are 
continuously recorded and reproduced. 

Furthermore, in the present embodiment, one land 
track and one groove track are continuously reproduced. 
However, two or more land tracks and two or more groove 
tracks may be continuously reproduced. By continuously 
reproducing two or more tracks, the variation of the 
tracks is absorbed, and optimum equalizer characteristic 
can be determined more accurately. 

Similarly, even in the case where reproduction is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously reproduced. By continuously reproducing two 
or more blocks of both the tracks, the variation of the 
blocks is absorbed, and an optimum equalizer characteris- 
tic can be determined more accurately. 

Furthermore, if the worst value of a block 
detected by the reproduction signal quality detector 5404 
is not adopted when two or more blocks are continuously 
reproduced, even when a block with a reproduction defect 
such as a scratch is present, the block can be eliminat- 
ed.- Thus, an optimum equalizer characteristic can be 
determined more accurately. 

Similarly, even in the case where reproduction is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
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be continuously reproduced. By continuously reproducing 
two or more sectors of both the tracks, the variation of 
the sectors is absorbed, and an optimum equalizer charac- 
teristic can be determined more accurately. 

Furthermore, if the worst value of a sector 
detected by the reproduction signal quality detector 4 is 
not adopted when two or more sectors are continuously 
reproduced, even when a sector with a reproduction defect 
such as a scratch is present, the sector can be eliminat- 
ed. Thus, an optimum equalizer characteristic can be 
determined more accurately. 

Embodiment 10 

In the tenth embodiment, equalizer character- 
istics are obtained for a land track and a groove track, 
separately. 

Figure 59 shows a structure of an optical disk 
apparatus in the tenth embodiment of the present inven- 
tion. In Figure 59, reference numeral 1 denotes an 
Optical disk, 2 denotes an optical head, 3 denotes a 
reproduction system, 7174 denotes a land -groove reproduc- 
tion signal quality detector, 7175 denotes an optimum 
equalizer characteristic determination unit, 7176 denotes 
a land -groove continuous reproduction unit, 7177 denotes 
a laser driving circuit, 7i78 denotes a track position 
controller, and 7179 denotes an equalizer characteristic 
setting unit. 

The optical disk 1 is as described with reference 
to Figure 3. 



- 173 - 



P16201 



Figure 60 is a flow chart showing process steps 
of an optical disk apparatus of the present embodiment. 
A procedure for obtaining an equalizer characteristic of 
the reproduction system 3 will be described with refer- 
ence to this flow chart. 

The optical disk 1 is loaded in an optical disk 
apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
Thereafter, the optical head 2 is moved to an area for 
setting an optimum equalizer characteristic by the track 
position controller 7178 (Step 1401). It is assumed that 
this area is a recording area other than a user area 
provided in an innermost track or an outermost track of 
the optical disk 1 in which a user records data. 

Initial values of the boost amount and the 
frequency at which the boost amount becomes maximum are 
set in the equalizer of the reproduction system 3 by the 
equalizer characteristic setting unit 7179 (Step 1402). 
At this time, an equalizer characteristic for reproducing 
the land track is identical with an equalizer- character- 
istic for reproducing the groove track. 

Subsequently, a control signal for continuously 
reproducing one land track and one groove track from a 
predetermined position is transmitted from the 
land* groove continuous reproduction unit 7176 to the 
track position controller 7178, whereby reproduction is 
performed by the optical head 2 and a signal 7180 which 
is changed depending upon the presence of the recording 
mark on the optical disk 1 is input to the reproduction 
system 3 as a reproduction signal. The reproduction 
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signal 7180 is subjected to reproduction signal process- 
ing such as amplification, waveform equalization, and 
digitization at the reproduction system 3, and a sig- 
nal 7181 is input to the land* groove reproduction signal 
quality detector 7174 (Step 1403). 

The reproduction signal 7180 is subjected to 
reproduction signal processing such as amplification, 
waveform equalization, and digitization at the reproduc- 
tion system 3, and a signal 7181 is input to the 
land -groove reproduction signal quality detector 7174. 

The land* groove reproduction signal quality 
detector 7174 detects a signal quality of the signal 7181 
for the land track and the groove track, separately, and 
a detection result is input to the optimum equalizer 
characteristic determination unit 7175 . 

The reproduction signal quality detector 7174 
detects, for example, a ber at which the signal has been 
reproduced ( Step 1404 ) . 

In the present embodiment, in order to obtain an 
optimum value of a boost amount, a lower limit value and 
an upper limit value of the boost amount which enables 
user data to be reproduced are obtained, and thereafter, 
an optimum value between the lower limit value and the 
upper limit value is obtained by computation. 

For example, when BERs are OK for both the land 
track and the groove track, as a detection result of the 
land «groove reproduction signal quality detector 7174 
(Step 1405 no), the optimum equalizer characteristic 
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determination unit 7175 sets a boost amount at which BERs 
become OK for both the land track and the groove track as 
an initial boost amount (Step 1406). While the boost 
amount is gradually decreased, continuous reproduction of 
the land track and the groove track are performed at each 
time, and results of the land* groove reproduction signal 
quality detector 7174 at the respective boost amounts are 
stored. When BERs become NG for both the land track and 
the groove track (Step 1405 yes), an average boost amount 
of a minimum boost amount at which the BER is OK and a 
maximum boost amount at which the BER is NG is stored as 
a lower limit value of the boost amount for the land 
track and the groove track, respectively (Step 1407). 

An upper limit value is obtained in the similar 
procedure to that of the lower limit value in accordance 
with each of Steps 1408 to 1413. More specifically, the 
optimum equalizer characteristic determination unit 7175 
sets a boost amount at which BERs become OK for both the 
land track and the groove track as an initial boost 
amount (Step 1408). While the boost amount is gradually 
increased, continuous recording and reproduction of the 
land track and the groove track are performed at each 
time. When BERs become NG for both the land track and 
the groove track as a result of the land -groove reproduc- 
tion signal quality detector 7174 (Step 1411 yes), an 
average boost amount of a maximum boost amount at which 
the- BER is OK and a boost amount at which the BER is NG 
is obtained for the land track and the groove track, 
respectively, and each average boost amount is stored as 
an upper limit value of the average boost amount 
(Step 1413). 
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The optimum equalizer characteristic determina- 
tion unit 7175 determines, for example, an average value 
Of the lower limit value and the upper limit value as an 
optimum boost amount for the land track and the groove 
track, separately (Step 1414). 

When the lower limit value and the upper limit 
value are obtained, the initial value of the boost amount 
for obtaining the upper limit value is prescribed to be 
higher than that of the boost amount for obtaining the 
lower limit value. More specifically, by starting from 
the values close to the respective limit values, with the 
initial value of the boost amount for obtaining the lower 
limit value being different from the initial value of the 
boost amount for obtaining the upper limit value, a boost 
amount is optimized in a short period of time. 

In the present embodiment, the steps of continu- 
ously reproducing a signal recorded in the land track and 
the groove track are similar to those in the ninth 
embodiment . 

As described above, in the optical disk apparatus 
of the present embodiment, a land track and a groove 
track are continuously reproduced prior to reproduction 
of data so as to determine an equalizer characteristic, 
whereby an optimum equalizer characteristic for reproduc- 
ing- a user area can be determined in a short period of 
time, shortening a waiting time for rotation. 

Figure 54B shows a relationship between the 
frequency at which the boost amount becomes maximum and 
the BER. The optimum value at which the boost amount 
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becomes maximum is also obtained by the similar method to 
that of the boost amount. 

In the present embodiment, for example, an 
average value of the lower limit value and the upper 
limit value is determined as an optimum boost amount . 
However, reproduction is performed while a boost amount 
is changed successively from the vicinity of the lower 
limit value to the vicinity of the upper limit value, and 
a value at which the BER becomes minimum may be deter- 
mined as an optimum boost amount for the land track and 
the groove track, separately. 

The reproduction signal quality detector 7174 may 
be designed in such a manner that it detects a BER at 
which a recorded signal has been reproduced, and does not 
count errors generated continuously at a predetermined 
time or times. Thus, even when an area with a reproduc- 
tion defect such as a scratch is locally present, the 
effect thereof can be eliminated, and an optimum equaliz- 
er characteristic can be determined more accurately. 

In the present embodiment, the reproduction 
signal quality detector 7174 is designed to detect a BER 
at which a recorded signal has been reproduced. However, 
the reproduction signal quality detector 7174 may detect 
a bit error rate, for example, aa long as a reproduction 
signal quality can be detected. 

In the present embodiment, one land track and one 
groove track are continuously reproduced. . However, 
reproduction may be performed on a block basis, on a 
sector basis, etc. , in the same procedure as that de- 
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scribed with reference to Figures 7, 8, and 9 in the 
ninth embodiment. 

If recording and reproduction are performed on a 
5 sector basis, an area to be continuously recorded and 
reproduced may be one track or less, a waiting time for 
rotation can be shortened, compared with the case where 
one groove track and one land track are continuously 
recorded and reproduced. 

10 

The following may be possible: when reproduction 
is performed on a sector basis, a land track and a groove 
track are continuously reproduced, for example, while a 
boost amount is changed gradually on a sector basis; a 
15 reproduction signal quality of the land track and the 
groove track is detected on a sector basis; and an 
average boost amount in a range where a detection result 
becomes OK is determined as an optimum boost amount, for 
the land track and the groove track, respectively. 

20 

As described above, by continuously performing 
reproduction while an equalizer characteristic is changed 
on a sector basis, a reproduction signal quality result 
in a plurality of equalizer characteristics is obtained 
25 for the land track and the groove track in one continuous 
reproduction of the land track and the groove track, 
which is more effective. 

in the present embodiment, one land track and one 
30 groove track are continuously reproduced. However, two 
or more land tracks and two or more groove tracks may be 
continuously reproduced. By continuously reproducing two 
or more tracks, the variation of the tracks is absorbed. 
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and optimum equalizer characteristic can be determined 
more accurately. 

Similarly, even in the case where reproduction is 
5 performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
continuously reproduced. By continuously reproducing two 
or more blocks of both the tracks, the variation of the 
blocks is absorbed, and an optimum equalizer characteris- 
10 tic can be determined more accurately. 

Furthermore, if the worst value of a block 
detected by land* groove reproduction signal quality 
detector 7174 is not adopted when two or more blocks are 
15 continuously reproduced, even when a block with a 
reproduction defect such as a scratch is present, the 
block can be eliminated. Thus, an optimum equalizer 
characteristic can be determined more accurately. 

20 Similarly, even in the case where reproduction is 

performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously reproduced. By continuously reproducing 
two or more sectors of both the tracks, the variation of 

25 the sectors is absorbed, and an optimum equalizer charac- 
teristic can be determined more accurately. 

Furthermore, if the worst value of a sector 
detected by the land* groove reproduction signal quality 
30 detector 7174 is not adopted when two or more sectors are 
continuously reproduced, even when a sector with a 
reproduction defect such as a scratch is present, the 
sector can be eliminated. Thus, an optimum equalizer 
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characteristic can be determined more accurately. 

Embod iment 1 1 

In the eleventh embodiment, the steps of obtain- 
5 ing an equalizer characteristic are different from those 
in the ninth embodiment. 

Figure 61 shows a structure of an optical disk 
apparatus in the eleventh embodiment of the present 

10 invention. In Figure 61, reference numeral 1 denotes an 
optical disk, 2 denotes an optical head, 3 denotes a 
reproduction system, 7284 denotes a land* groove reproduc- 
tion signal quality detector, 7285 denotes a land -groove 
optimum equalizer characteristic determination unit, 7286 

15 denotes a land-groove continuous reproduction unit, 7287 
denotes a laser driving circuit, 7288 denotes a track 
position controller, and 7289 denotes a land -groove 
equalizer characteristic setting unit. 

20 Th© optical disk 1 is as described with reference 

to Figure 3. 

Figure 62 is a flow chart showing process steps 
of an optical disk apparatus of the present embodiment. 
25 A procedure for obtaining an equalizer characteristic 
will be described with reference to the flow chart. The 
equalizer characteristic to be determined is the maximum 
boost amount and the frequency at which the boost amount 
becomes maximum, as shown in Figure 63. 



30 



The optical disk 1 is loaded in an optical disk 
apparatus. Predetermined operations such as identifying 
a disk type and a rotation control are performed. 
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Thereafter, -the optical head 2 is moved to an area for 
setting an optimum equalizer characteristic by the track 
position controller 7288 (Step 1501). It is assumed that 
this area is a recording area other than a user area 
5 provided in an innermost track or an outermost track of 
the optical disk 1 in which a user records data. 

Initial values of the boost amount and the 
frequency at which the boost amount becomes maximum are 

10 set in the equalizer of the reproduction system 3 by the 
land* groove equalizer characteristic setting unit 7289 
(Step 1502). At this time, an equalizer characteristic 
for reproducing the land track is identical with an 
equalizer characteristic for reproducing the groove 

15 track. 

Subsequently, a control signal for continuously 
reproducing one land track and one groove track from a 
predetermined position is transmitted from the 

20 land* groove continuous reproduction unit 7286 to the 
track position controller 7288, whereby reproduction is 
performed by the optical head 2 and a signal 7290 which 
is changed depending upon the presence of the recording 
mark on the optical disk 1 is input to the reproduction 

25 system 3 as a reproduction signal. The reproduction sig- 
nal 7290 is subjected to reproduction signal processing 
such as amplification, waveform equalization, and 
digitization at the reproduction system 3, and a sig- 
nal 7291 is input to "the land ♦groove reproduction signal 

30 quality detector 7284 (Step 1503). 

The land ♦groove reproduction signal quality 
detector 7284 detects a signal quality of the signal 7291 
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for the land track and the groove track, separately, and 
a detection result of the reproduction signal quality is 
input to the land -groove optimum equalizer characteristic 
determination unit 7285. 

5 

The land* groove reproduction signal quality 
detector 7284 detects, for example, a BER at which the 
recorded signal has been reproduced (Step 1504). 

10 In accordance with each of Steps 1503 to 1509, 

the land «groove equalizer characteristic determination 
unit 7285 determines a lower limit value of a boost 
amount based on a detection result of the land* groove 
reproduction signal quality detector 7284 for the land 

15 track and the groove track, separately. 

For example, when the first result of the 
land -groove reproduction signal quality detector 7284 is 
NG for the land track and OK for the groove track, the 
20 boost amount of the land track is increased, and the 
boost amount of the groove track is decreased. There- 
fore, during the second continuous reproduction, the 
boost amount for reproducing the land track becomes 
larger than that for reproducing the groove track. 

25 

When the second result of the land* groove 
reproduction signal quality detector 7284 is OK for the 
land track and NG for the groove track, the land -groove 
optimum equalizer characteristic determination unit 7285 
30 stores an average boost amount of the current boost 
amount and the previous boost amount as a lower limit 
value of the boost amount for the land track and the 
groove track. 
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When the second result of the land* groove 
reproduction signal quality detector 7284 is OK for the 
land track and OK for the groove track, the land -groove 
optimum equalizer characteristic determination unit 7285 
stores an average boost amount of the current boost 
amount and the previous boost amount at which the land 
track has been reproduced as a lower limit value of the 
boost amount of the land track. Regarding the groove 
track, a boost amount lower than the boost amount used 
during the second reproduction is reproduced using this 
boost, thereby detecting a reproduction signal quality. 

When the third result of the land -groove 
reproduction signal quality detector 7284 is NG for the 
groove track, the land* groove optimum equalizer 
determination unit 7285 stores an average boost amount of 
the current boost amount and the previous boost amount as 
a lower limit value of the boost amount of the groove 
track . 

Regarding the upper limit value, each of 
Steps 1510 to 1517 in the flow chart of Figure 62 is 
performed for the land track and the groove track, 
separately, and an upper limit value of the boost amount 
of the land track is obtained to be stored, and an upper 
limit value of the boost amount of the groove track is 
obtained to be stored. 

The land ♦groove optimum equalizer determination 
unit 7285 determines an average value of the lower limit 
value and the upper limit value, for example, as the 
optimum boost amount for the land track and the groove 
track, separately (Step 1518). 
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When the lower limit value and the upper limit 
value are obtained, the initial value of the boost amount 
for obtaining the upper limit value may be prescribed to 
be higher than that of the boost amount for obtaining the 
lower limit value. More specifically, by starting from 
the values close to the respective limit values, with the 
initial boost amount for obtaining the lower limit value 
being different from the initial boost amount for obtain- 
ing the upper limit value, a boost amount is optimized in 
a short period of time. 

In the present embodiment, the steps of continu- 
ously reproducing a signal recorded in the land track and 
the groove track are similar to those in the ninth 
embodiment . 

As described above, in the optical disk apparatus 
of the present embodiment, a land track and a groove 
track are continuously reproduced prior to reproduction 
of data so as to determine an equalizer characteristic, 
whereby an optimum equalizer characteristic for reproduc- 
ing a user area can be determined in a short period of 
time, shortening a waiting time for rotation. 

Figure 54B shows a relationship between the 
frequency at which the boost amount becomes maximum and 
the BER. An optimum value of the frequency at which the 
boost amount becomes maximum is obtained by the method 
similar to that of the boost amount. 

In the present embodiment, an average value of 
the lower limit value and the upper limit value is 
determined as an optimum equalizer characteristic. 
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However, it may be possible -that the equalizer character- 
istic is changed for the land track and the groove track, 
respectively, and a value at which the BER becomes local 
minimum is determined as an optimum equalizer character- 
5 istic. 



The land -groove reproduction signal quality 
detector 7284 may be designed in such a manner that it 
detects a BER at which a recorded signal has been repro- 

10 duced, and does not count errors generated continuously 
at a predetermined time or times. Thus, even when an 
area with a reproduction defect such as a scratch is 
locally present, the effect thereof can be eliminated, 
and an optimum equalizer characteristic can be determined 

15 more accurately. 

In the present embodiment, the land -groove 
reproduction signal quality detector 7284 is designed to 
detect a BER at which a recorded signal has been record- 
ed. However, the land* groove reproduction signal quality 
detector 7284 may detect a bit error rate, for example, 
as long as a reproduction signal quality can be detected. 

In the present embodiment, one land track and one 
25 groove track are continuously reproduced. However, 
reproduction may be performed on a block basis, on a 
sector basis, etc., in the same procedure as that de- 
scribed witn reference to Figures 7, 8, and 9 in the 
ninth embodiment . 

30 

If recording and reproduction are performed on a 
sector basis, an area to be continuously recorded and 
reproduced may be one track or less. Therefore, a 
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waiting time for rotation can be shortened, compared with 
the case where one groove track and one land track are 
continuously recorded and reproduced. 

The following may be possibles when reproduction 
is performed on a sector basis, a land track and a groove 
track are continuously reproduced, for example, while a 
boost amount is changed gradually on a sector basis; a 
reproduction signal quality of the land track and the 
groove track is detected on a sector basis; and an 
average boost amount in a range where a detection result 
becomes OK is determined as an optimum boost amount, for 
the land track and the groove track, respectively. 

As described above, by continuously performing 
reproduction while an equalizer characteristic is changed 
on a sector basis, a reproduction signal quality result 
in a plurality of equalizer characteristics is obtained 
for the land track and the groove track in one continuous 
reproduction of the land track and the groove track, 
which is more effective. 

In the present embodiment, one land track and one 
groove track are continuously reproduced. However, two 
or more land tracks and two or more groove tracks may be 
continuously reproduced. By continuously reproducing two 
or more tracks, the variation of the tracks is absorbed, 
and optimum equalizer characteristic can be determined 
more accurately. 

Similarly, even, in the case where reproduction is 
performed on a block basis, two or more blocks of a land 
track and two or more blocks of a groove track may be 
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continuously reproduced. By continuously reproducing two 
or more blocks of both the tracks, the variation of the 
blocks is absorbed., and an optimum equalizer characteris- 
tic can be determined more accurately. 

Furthermore, if the worst value of a block 
detected by land* groove reproduction signal quality 
detector 7284 is not adopted when two or more blocks are 
continuously reproduced, even when a block with a 
reproduction defect such as a scratch is present, the 
block can be eliminated. Thus, an optimum equalizer 
characteristic can be determined more accurately. 

Similarly, even in the case where reproduction is 
performed on a sector basis, two or more sectors of a 
land track and two or more sectors of a groove track may 
be continuously reproduced. By continuously reproducing 
two or more sectors of both the tracks, the variation of 
the sectors is absorbed, and an optimum equalizer charac- 
teristic can be determined more accurately. 

Furthermore, if the worst value of a sector 
detected by the land* groove reproduction signal quality 
detector 7284 is not adopted when two or more sectors are 
continuously reproduced, even when a sector with a 
reproduction defect such as a scratch is present, the 
sector can be eliminated. • Thus, an optimum equalizer 
characteristic can be determined more accurately. 

In the ninth to eleventh embodiments, prior to 
setting the boost amount (or frequency), the optical 
head 2 is moved to a predetermined area. This area is an 
outermost area la of the optical disk 1, for example, as 
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shown in Figure 22ft. However, when the optical disk 1 is 
warped or when the optical disk 1 is not properly placed 
in an apparatus , the boost amount ( or frequency ) obtained 
in the outermost area la of the optical disk 1 is not 
necessarily optimum for an inner track portion of the 
optical disk 1. More specifically, the boost amount (or 
frequency) may be different between the outer track 
portion and the inner track portion of the optical 
disk 1. Therefore, in a plurality of places on the 
optical disk 1 (e.g., in an outermost track and an 
innermost track of the optical disk 1), a boost amount 
(or frequency) is obtained, and a supplementary curve 
connecting the optimum equalizer characteristic points in 
the outermost track and in the innermost track as shown 
in Figure 22E is formed for the boost amount and the 
frequency, separately. When the optical disk 1 is 
recorded and reproduced, a boost amount (or frequency) 
may be set, in accordance with a recording position and 
a reproduction position of the optical disk 1 based on 
the supplementary curve connecting the boost amount (or 
frequency) points in the outermost track and the inner- 
most track . 

Embod iment 1 2 

In the twelfth embodiment, a procedure for 
setting recording and reproduction focus positions, 
radial and tangential tilt angles, peak and bias powers, 
and an equalizer characteristic in the above-mentioned 
first to eleventh embodiments will be described. 

Figure 64 is a flow chart showing a procedure for 
setting control parameters in an optical disk apparatus 
in the twelfth embodiment of the present invention- 
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The procedure for setting the control parameters 
of the present embodiment is applied to a presumed 
optical disk apparatus obtained by selectively combining 
the first to eleventh embodiments. 

First, when a power supply of an optical disk 
apparatus is turned on, and a power switch of a 
semiconductor laser of the optical head 1 is turned on 
(Steps 1601 and 1602), drive initial values in the 
optical disk apparatus (i.e., initial values of recording 
and reproduction focus positions, radial and tangential 
tilt angles, peak and bias powers, and an equalizer 
characteristic) are set (Step 1603). 

Under the condition that the initial values are 
set, a land track and a groove track are continuously 
recorded as described above ( Step 1604 ) , and reproduction 
signals are read from the land track and the groove track 
(Step 1605). The quality of the reproduction signals is 
checked ( Step 1606 ) . 

At Step 1607, the focus position (Step 1607-1), 
the tilt angle (Step 1607-2), the laser power (Step 1607- 
3 ) , and the equalizer characteristic ( Step 1607-4 ) are 
selectively changed. 

For example, the . focus position is changed 
(Step 1607-1). Thereafter, the process returns to 
Steps 1604 to 1606, and the quality of the reproduction 
signal is checked. The change in focus position and the 
checking of the quality of the reproduction signal are 
repeated, and a focus position at which -the quality of 
the reproduction signal becomes OK is obtained in order 
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to be set. Then, while the tilt angle is being changed 
(Step 1607-2), Steps 1604 to 1606 are repeated, and a 
tilt angle at which the quality of the reproduction 
signal becomes OK is obtained in order to be set. 
Similarly, while the laser power is being changed 
( Step 1607-3 ) , the checking of the quality of the 
reproduction signal is repeated, and a laser power at 
which the quality of the reproduction signal becomes OK 
is obtained in order to be set. While the equalizer 
characteristic is being changed (Step 1607-4), the 
checking of the quality of the reproduction signal is 
repeated, and an equalizer characteristic at which the 
quality of the reproduction signal becomes OK is obtained 
in order to he set. 

Accordingly, after the setting of the focus posi- 
tion., the tilt position, the laser power, and the equal- 
izer characteristic is completed (Step 1608), recording 
and reproduction of data with respect to the optical 
disk 1 is started. 

As described above, in the optical disk apparatus 
according to the present invention, when an optimum focus 
position and/or an optimum tilt angle are determined 
prior to recording, a land track and a groove track are 
continuously recorded and reproduced, whereby an optimum 
recording focus position and/or an optimum tilt angle can 
be determined in a short period of time, shortening a 
waiting time for rotation. 

Furthermore, in the optical disk apparatus 
according to the present invention, when an optimum power 
is determined prior to recording, a land track and a 
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groove track are continuously recorded and reproduced, 
whereby an optimum recording power can be determined in 
a short period of time, shortening a waiting time for 
rotation. 

Furthermore, in the optical disk apparatus 
according to the present invention, when an optimum 
equalizer characteristic is determined prior to reproduc- 
tion, a land track and a groove track are continuously 
reproduced, whereby an optimum equalizer characteristic 
can be determined in a short period of time, shortening 
a waiting time for rotation. 

Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the 
description as set forth herein, but rather that the 
claims be broadly construed. 
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WHAT IS CLAIMED IS: 

1 . An optical disk apparatus performing either one of 
recording and reproduction of an optical disk in which 
groove-shaped groove tracks and land tracks present 
between the groove tracks are alternately connected to 
each other in a spiral shape, comprising: 

a recording and reproduction unit for recording 
a signal in at least one continuous groove track and at 
least one continuous land track, and then reproducing the 
signal from the groove track and the land track; 

a detector for detecting a quality of the signal 
recorded and reproduced by the recording and reproduction 
unit ; 

a control parameter setting unit for setting a 
control parameter related to at least one of the record- 
ing and the reproduction of the optical disk; and 

a controller for changing the control parameter 
set by the control parameter setting unit, repeating the 
recording and reproduction performed by the recording and 
reproduction unit and detection performed by the detector 
every time the control parameter is changed, and 
determining the control parameter based on the quality of 
the signal detected by the detector. 

2. An optical disk apparatus according to claim 1, 
wherein the controller obtains a control parameter common 
to the groove track and the land track. 

3. An optical disk apparatus according to claim 1, 
wherein the controller obtains control parameters for the 
groove track and the land track, separately. 
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4. An optical disk apparatus according to claim 3, 
wherein the control parameter setting unit sets an 
average value of the control parameter of the groove 
track and the land track obtained by the controller. 

5. An optical disk apparatus according to claim 3, 
wherein the control parameter setting unit sets the 
control parameter of the groove track and the land track 
obtained by the controller, separately. 

6. An optical disk apparatus according to claim 3, 
wherein the recording and reproduction by the recording 
and reproduction unit, the detection by the detector, and 
the determination by the controller are performed at two 
positions apart from each other on the optical disk, and 
a control parameter corresponding to each of the posi- 
tions is obtained, in order to be set; and 

when at least one of the recording and the 
reproduction is performed between the respective posi~ 
tions on the optical disk, a control parameter in 
accordance with the position at which at least one of the 
recording and the reproduction is performed is obtained 
in order to be set based on the control parameter corre- 
sponding to each of the positions. 

7. An optical disk apparatus according to claim 1, 
wherein the control parameter is at least one of a focus 
position of a light beam radiated for at least one of the 
recording and the reproduction of the optical disk, a 
tilt angle of the light beam with respect to the optical 
disk, an intensity of the laser beam, and an equalizer 
characteristic of the laser beam. 
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8. An optical disk apparatus according to claim 1, 
wherein the controller sets a plurality of kinds of 
control parameters, separately, and repeats setting of 
each of the control parameters in accordance with a 
detection result of the detector. 

9. An optical disk apparatus according to claim 1, 
wherein a number of sectors of the groove track to be 
recorded and reproduced by the recording and reproduction 
unit is equal to a number of sectors of the land track to 
be recorded and reproduced by the recording and reproduc- 
tion unit. 

10. An optical disk apparatus according to claim 1, 
wherein the detector detects at least one of a byte error 
rate of the signal recorded and reproduced by the record- 
ing and reproduction unit, a jitter of the signal, a bit 
error rate of the signal, a resolution of the signal, a 
symmetry of the signal, and a modulation of the signal. 

11. A method for setting a control parameter of an 
optical disk apparatus performing at least one of record- 
ing and reproduction of an optical disk in which groove- 
shaped groove tracks and land tracks present between the 
groove tracks are alternately connected to each other in 
a spiral shape, comprising: 

a recording and reproduction step of recording a 
signal in at least one continuous groove track and at 
least one continuous land track, and then reproducing the 
signal from the groove track and the land track; 

a detection step of detecting a quality of the 
signal recorded and reproduced during the recording and 
reproduction step; 
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a control parameter setting step of setting a 
control parameter related: to at least one of the record- 
ing and the reproduction of the optical disk; and 

a control step of changing the control parameter 
set during the control parameter setting step, repeating 
the recording and reproduction performed during the 
recording and reproduction step and the detection per- 
formed during the detection step every time the control 
parameter is changed, and determining the control parame- 
ter based on the quality of the signal detected during 
the detection step. 

12. A method for setting a control parameter of an 
optical disk apparatus according to claim 11, wherein a 
control parameter common to the groove track and the land 
track is obtained during the control step. 

13. A method for setting a control parameter of an 
optical disk apparatus according to claim 11, wherein 
control parameters are obtained for the groove track and 
the land track, separately, during the control step. 

14. A method for setting a control parameter of an 
optical disk apparatus according to claim 13, wherein an 
average value of the control parameter of the groove 
track and the land track obtained during the control step 
is set during the control parameter setting step. 

15. A method for setting a control parameter of an 
optical disk apparatus according to claim 13, wherein the 
control parameter of the groove track and the land track 
obtained during the control step are separately set 
during the control parameter setting step. 
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16. A method for setting a control parameter of an 
optical disk apparatus according to claim 13, wherein the 
recording and reproduction during the recording and 
reproduction step, the detection during the detection 
step, and the determination during the control step are 
performed at two positions apart from each other on the 
optical disk, and a control parameter corresponding to 
each of the positions is obtained in order to be set; and 

when at least one of the recording and the 
reproduction is performed between the respective posi- 
tions on the optical disk, a control parameter in 
accordance with the position at which at least one of the 
recording and the reproduction is performed is obtained 
in order to be set based on the control parameter corre- 
sponding to each of the positions . 

17. A method for setting a control parameter of an 
optical disk apparatus according to claim 11, wherein the 
control parameter is at least one of a focus position of 
a light beam radiated for at least one of the recording 
and the reproduction of the optical disk, a tilt angle of 
the light beam with respect to the optical disk, an 
intensity of the laser beam, and an equalizer charac- 
teristic of the laser beam. 

18. A method for setting a control parameter of an 
optical disk apparatus according to claim 11, wherein, 
during the control step, a plurality of kinds of control 
parameters are separately set, and setting of each of the 
control parameters is repeated in accordance with a 
detection result obtained during the detection step. 

19. A method for setting a control parameter of an 
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optical disk apparatus according to claim 11, wherein a 
number of sectors of the groove track to be recorded and 
reproduced during the recording and reproduction step is 
equal to a number of sectors of the land track to be 
recorded and reproduced during the recording and repro- 
duction step. 

20. A method for setting a control parameter of an 
optical disk apparatus according to claim 11, wherein at 
least one of a byte error rate of the signal recorded and 
reproduced during the recording and reproduction step, a 
jitter of the signal, a bit error rate of the signal, a 
resolution of the signal, a symmetry of the signal, and 
a modulation of the signal is detected during the detec- 
tion step. 
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ABSTRACT OF THE DISCLOSURE 

An optical disk apparatus performing either one 
of recording and reproduction of an optical disk in which 
5 groove- shaped groove tracks and land tracks present 
between the groove tracks are alternately connected to 
each other in a spiral shape, includes: a recording and 
reproduction unit for recording a signal in at least one 
continuous groove track and at least one continuous land 

10 track, and then reproducing the signal from the groove 
track and the land track; a detector for detecting a 
quality of the signal recorded and reproduced by the 
recording and reproduction unit; a control parameter 
setting unit for setting a control parameter related to 

15 at least one of the recording and the reproduction of the 
optical disk; and a controller for changing the control 
parameter set by the control parameter setting unit, 
repeating the recording and reproduction performed by the 
recording and reproduction unit and detection performed 

20 by the detector every time the control parameter is 
changed, and determining the control parameter based on 
the quality of the signal detected by the detector. 
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